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FOREWORD

This data compilation is the sixth in the series of special compilations which have been produced
under the auspices of World Data Center A for Solar-Terrestrial Physics. The first five have concerned
the solar-terrestrial events of May 23, 1967, October 24 - November 6, 1968, November 18, 1968,
November 2-10, 1969, and March 8, 1970. Judging from the references made to these publications in
Jjournal papers and from many informal contacts, these kinds of reports seem to be filling a need for a
publication medium for collecting in one place rather detailed data for a particular event, with
discussions and interpretations by those responsible for the observations.

To be useful such publications should be started rather soon after the event has taken place,
giving hardly time for extensive consideration by international bodies. We at WDC-A for Solar-
Terrestrial Physics, therefore, proposed this report after only informal consultation with what in our
Judgment was a representative international sample of Teading solar-terrestrial scientists.

The periods selected were those including the ground-tevel cosmic ray increases of January 24,
1971 and September 1, 1971.

The many contributors are thanked for their submissions. The compilers wish to acknowledge with
special thanks the typing and correcting of the manuscript by Miss J. May Starr.

Helen E. Coffey

J. Virginia Lincoln
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1. INTRODUCTION AND BACKGROUND DATA
by

Helen E. Coffey
World Data Center A for Solar-Terrestrial Physics
NOAA, Boulder, Colorado 80302

Since this report covers two separate cosmic ray events, we have tried to devote a separate
section to each event. In some cases, however, comparisons of the two events were made, making it
difficult to place the paper in a one event category. To avoid reproducing the same paper in both
sections, these papers are found in the first section on the January event. An asterisk in the

Table of Contents indicates a two event paper.

Data from earlier publications of "Solar-Geophysical Data" relating to the evgntg are reproduced
for the readers' convenience in the introductory paragraphs. For further explanations concerning
these data, see the Descriptive Text, "Solar-Geophysical Data", Number 330 (Supplement), February, 1972.

General Activity:

Solar activity on January 24, 1971 is shown in the solar maps in Figure 1 reprinted from the
monthly publication "Solar-Geophysical Data". An historical account of the development of the region
wherein the large flare occurred is given in Table 1.

Table 1
McMATH REGION 11128 CMP DATE 21.3
CALCIUM PLAGE DATA SUNSPOT DATA 9.1 (M
YR MO DA MC NO. LAT CMD L AREA INT MW NO. LAT CMD L MAG. H AREA CNT C INT FLUX
71 1 14 11128 N20 E80 227 3000 3.0 18281 N17 EB0 227 BP 250 1 H 24 13
15 11128 N20 E75 222 4700 3.5 18281 NI8 E75 222 (BP) 5 630 21 E 35 19
16 18281 N18 E58 225 (BP) 6 560 8 E 48 26
18284 N19 E76 207 (B 2
17 11128 N20 E46 224 5300 3.5 18281 N19 E48 222 (BP) 5 640 21 E 51 27
18284 N18 E63 207 BF) 1
18 11128 N20 E32 224 5700 3.0 18281 N19 E35 222 (D) 6
18284 N19 E46 211 (B ) 3
19 11128 N20 E21 223 5600 3.5 18281 N19 E21 222 (BP) 6 930 46 E 54 29
18284 N19 E32 211 (B ) 3 10 1 A
20 11128 N20 EO8 223 6000 3.5 18281 N18 E09 222 (BY) 6 990 36 E 47 25
18284 N18 E20 211 (B ) 4 30 8 D
21 18281 N19 W06 222 (BP) 6 640 45 E 39 20
18284 N19 E06 210 (BP) 5 160 25 D
22 11128 N20 W15 220 6200 3.5 18298 N28 W28 228 (BP) 1 0 3 B 38 20
18281 N19 W28 228 (BP) 5 850 52 E
18284 N19 Wi2 212 (BP) 5 490 21 D
23 11128 N20 W30 222 6000 3.5 18298 N28 W34 224 (B ) 1 34 18
18281 N19 W34 224 (BP) 5 660 31 D
18284 N20 W23 213 (BP) 5 350 20 D
24 11128 N20 W45 220 5800 3.5 18298 N24 W59 233 (BP 1 62 32
18281 N19 w49 223 (BP) 5 410 22 D
18284 N2O W38 212 (B) 4 300 5 D
25 11128 N20 W60 222 5700 3.5 18298 N22 W70 234 (B ) 1 23 12
18281 N18 W59 223 (BP) 5 480 8 E
18284 N19 W49 213 (B ) 4 60 1 H
26 18298 N22 W83 232 BF 24 12
18281 N18 W75 224 (BP) 4 230 7 E
18284 N20 We4 213 (BP) 4 50 1 H
27 11128 N18 W80 217 4000 3.5 18281 N19 W90 224 AF 90 1 H 13 7
18284 N20 W83 217 BP 10 1 H
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The final Relative Sunspot Numbers (Rz) and the observed 2800 MHz flux (Sa) for_the period
January 21-30, 1971 are given below; the monthly means for January are:

Jan 21
22
23
24
25

R,

131
125
120
120
112

Sa

178.7
180.6
182.9 (month's peak)
177.0
168.6

Jan 26
27
28
29
30

R, = 91.3, Sa = 170.1.

R, Sa
109 164.9
121 166.7
109 166.2
108 160.7
95 163.0

Shortly before the cosmic ray ground Tevel increase, a confirmed grouped flare with two
brightenings occurred, Group 36350, with maxima at 2331 and 2316 UT on January 24 and 0250 UT on

January 25 (in time order as published in “"Solar-Geophysical Data"):

Universal Time Location
Approx.
Max Mer Central Duration | Importance | Meas. Area | Remarks
Start End  Phase Lat Dist. Distance Min Sq. Deg.
2215 0020 2331 Ni8 W49 0.806 125 3B 18.77 FKU 2213
2309 0024 2316 N19 W50 -0.818 75 *1B 3.92 U 2223
2346 0324 0250 N19 W51 0.827 218 *3F 8.31 EFIJU 4115
*  Second Brightening
where in Remarks:
E = Two or more brilliant points
F = Several eruptive centers
1 = Very extensive active region
J = Plage with flare shows marked intensity variations
K = Several intensity maxima
U = Close and somewhat parallel bright filaments (|| or Y shape).
The first number represents the number of stations reporting. The second and
third numbers give the weighting functions for the average importance and the
average measured area. The fourth number is the number of stations reporting
at the time of the event.
Sudden ionospheric disturbances during this time were:
Wide Number of Station Reports by Type
dJan  Universal Time Spread LF-
Start End Max Imp. Index SWF SCNA SEA SPA  SPA SES SFD
24 2038 2146 2104 2- 5 1 5 1 3
2310 2358 2327 2+ 5 5 1 7 4 4
125 0927 0942 0934 1- 1 1




Spectral observations at the time

of the event are given in Table 2.

Table 2

| TIMES OF EVENTS

- ! AN DEKAMETRIC BAND

g7 | OBSERVATION STATION b—CENTIHETRIG 8AND DECIMETRIC BAND METRIC BAND SPECTRAL TYPE

START U] D UT START UT | ENDUT |INT/ STARTUT | ENDUT |WT] START UT | ENDUT |WW7| START UT | EWDUT T

24§ 2022) 2408| CULG 2037.5 2038 1 1116
HARV 2044 2052 2 II166
CULG 2045 2052 1 2048 2050 1 I
CUuLG 2113 1 IIIB,H
CULG 2134.5 1 ITIB,H
CULG 2136 2136.5 |1 IIIG,U
HARV 2136 2 1116
HARV 2140 2141 1 II16
CULG 2140 2141 1 IIIG,H
HARV 2146 2240 1 IN
HARV 2220 2355 1 2240 24859 1 I
CULG 2225.5 1 IIIB,H
CULG 2231 1 IIIByH
CULG 2234.5 2235 2 IIIG,U
HARY 2235 3 1116
HARY 2306 2318 3 2307 2324 3 IIIGG
CULG 2307 2325 1 2307 2329 1 IIIG,U
CULG 2310 1 SHF
CuLG 2310 2345 1 2310 00580 1 Iv
HARV 2310 2359 Df3 2314 2358 0|3 Iy
CULG 2310.5 2312 1 UNCLF
CcuLe 2315.5 2353 3 2328.5 2353 2 IIIH
HARV 2315.6 | 2342 31 2320 2335 i1
CuLG 2320 06250 1 v
HARV 2327 2329 3 2327 2329 3 I1I6G
CuLG 2340 8300 1 I
HARY 2343 2345 2] 2343 2345 2 II166,RD
cuLe 2347.5 | 235045 1 1116

25 0000j 0725] CuLG 0009 0725 1 ILIN,RS,0P
CuLG D48 0050.5 | 1 I1IG6
CuLG 0116.5 0118,5 |1 III16
cuLe 8120.5 2 IIIBsU
CuLG 0129.5 0130 1 IIIG
cuLe 0134 0136 1 I116
CULG 0134.5 0135 2 IIIG,U
CULG 0135.5 0138 2 IIIG,U
cuLe 02486 2 1118
CULG 0329 21 0329 2 II1B
CULG 0517.5 8518 1 IIIG
cuLe 0554 8555 1 II16
CuLG 0633 0634 2 I1I6
HEIS 6835.0 1025.0 [ 1 Is

Table 3 gives the outstanding solar

level event.

radio emission occurrences during the cosmic ray

Table 3
JAN, STARTING TIME OF DURATION 'FZLZUX I{ENSITY_I
197 | FREQUENCY STATION | TYPE TINE MAXIHUM 0 Um™ 1§z INT REMARKS
ut yr HIKUTES PEAK [ HEMR
1
24 9400 HUAN 5 2035 204844 90 31,8 18.7
8800 SGMR 22 2036 204843 28.4 22.0 565
— 4995 SGMR 22 2036,2 204745 31.3 6746 1644
— 2800 OTTA 21 2036 2230 180 b 18,0
- 2695 SGMR 22 2037 204745 36 42,9 10.7
— 2800 OTTA & 2040 204745 15 5240 2660
960 PENN 45 204241 204545 2549
— 2695 BOUL 40 2044 2049 14 2
10700 PENN 3 204543 204847 11 13,9 Toh
— 4995 BOUL 3 2046.5 2049 10 1
— 1415 SGMR 1 204741 2048.2 Te9 5.5 lets !
— 606 SGMR & 2047 20474 Te2 13,5 3.8
— 408 SANM 45 2049,4 2049,7 244 6740 1345
2800 OTTA 29 2055 65 24,0 1140
18 MCMA 41 2131 2137 9 .1
200 HIRA 45 2233,8 2233,.8 o5 830.0 41040
4995 MANI 47 2303.8 232342 29.1 6300,0 250040
E 3750 TYKW 47 2303 2324 52 3540,0 85040
2695 PENT 2303 2324 33 D 2375,0
— 2695 MANI 47 2303.8 2323,2 29.1 2300,0 1280,0
I~ 2665 CRON 4 230345 2324 9145 3
— 2000 TYKW 47 2303 2324 57 1270,0 390,0
— 9400 TYKW 47 2304 232244 51 6900,0 1400,0
— 4995 CRON 41 2304 2323,.5 8365 3
~ 1415 MANI 47 230449 2320.3 28 64040 46040
— 1000 TYKW 45 2304 232241 55 810,0 25040
I— 500 HIRA 45 230447 232245 80 650,0 100.0
4995 BOUL 45 230545 232445 41450 3
— 2695 BouL 45 2205 2325 415D 3
t— 1420 CRON 4 2305 2325 S54e5 3
— 200 HIRA 45 2305 2320 70 1000.0 10040
— 1420 BouL 4 2306 2325 40 D 2
— 8800 MANI 47 230746 2323,1 2543 910040 330040
P 606 MANI 47 230746 2322,2 25,1 1330,0 540.0
- 208 VORO 45 2315 2320 28 58040 18840
606 MAN1 30 232347 2323,7 112,.8 280,0 10240
8800 MANI 29 2332.9 2332.,9 95.3 1000,0 36040
4995 MANIT 29 2332.9 2332.9 9543 104040 31040
2695 MANI 29 2332,9 2332,9 9543 77040 285,0

ground




Table 3 continued

STARTING TIHE OF FLUX DENSITY
Iﬂ]memmmunﬁ TIME waxigy | DURATION 0%um? 4! INT REMARKS
U7 UT HINUTES PEAK MEAN
1415 MANI 29 2332,.9 2332.9 103.6 480,0 196,.0
606 MANI 4 2349 2350 2.8 127,0 6400
9400 TYKW 29 2355 225 185,0 5040
3750 TYKW 29 2355 225 140,0 4000
1000 TYKW 29 2359 175 15,0 T«0
2000 TYKW 29 2400 180 30,0 1400
25 1000 TYKW 45 - 0020 24 35,0 14,0
1000 TYKW 5 0026 003065 8 12,0 5.0
1000 TYKW 5 0038 00396 4 6,0 3.0
2000 TYKW 5 0047 0048,.6 5 29,0 7.0
E 1000 TYKW 5 0047 004847 8 80,0 13.0
1420 CRON 8 0048 004945 4 2
1000 TYKW 45 0057 005845 6 16.0 500
1000 TYKW 5 0108 0111 22 12,0 5.0
1000 TYKW 45 0130 014845 22 14,0 50
E 606 MANI 22 0153,2 0157.9 10,8 17.0 563
1000 TYKW 45 0154 0157.5 35 4240 13.0
606 MANI 4 024245 024643 602 18.1 567
9400 TYKW 45 0254 025452 3 28,0 9.0
8800 MANI 4 0254 025402 242 1806 Tol
E4995 MANT 4 0254 0254,2 262 11,2 Seb
3750 TYKW 45 0254 025442 4 8,0 3.0
1000 TYKW 5 0309 0313 15 14.0 Te0
221 ABST 41 0700 120 9.0
204 KIEV 4dy o700 E 420 D 87,0 16+0
200 GORK 44 0700 E 135 4040
100 GORK 44 0700 E 162 2540
600 UCCL 1 0806 0806e2 8 7.0 400
260 ONDR 41 0810 1059 370 40,0
1490 BERL 22 081%9.5 083645 25.5U 10,0 301
600 ucCCL 20 0851.8 092245 97 13,0 540
100 GORK 6 0900 E 0907 «9E 700.,0 15000
E 200 GORK 4 0915 195 D 2560
100 GORK 44 0942 189 D 500
650 GORK 21 0919.2 48 240
E 420 KIEL 48 0920 1003 60 260,0 150.0
408 TRST 47 0920 1003.5 &0 230,0
650 GORK 3 092745 0929.9 6ok 22,0 9.5
600 ucCcCL 3 0927.8 0930.5 75 65,0 300
536 ONDR 45 0927.5 0930 10 180,0
2950 GORK 1 0928,3 0928,6 1 6,0 360
Explorers 33 and 35 2-12 & X-ray data for January 24 are also Tisted:
University of Iowa
Remarks and
Date Onset Maximum | Peak-Ratio Values of Maximum Flux
- Qo
1971 U.T. U.T. | to Quiet Sun F(2-12 A°)
in erg (cm® sec) t
ol January - 1729 L Onset not observed
1807 1827 L
203k 2105 I

2307

2329

60

0.190

Major electron, proton,
alpha particle event

Magnetograms of geomagnetic storms on January 27-28, 1971 associated with the January 24
event are shown in Figure 2.

Stations included are Leirvogur, Great Whale River,
Meanook, College, Kakioka, Tangerang, San Juan and Honolulu.
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2. SOLAR REGION OF JANUARY 1971
Evolution of Solar Active Regions (Ho and K Faculae and Spots)

by

G. Godoli, V. Sciuto, M. L. Sturiale and R. A. Zappala
Osservatorio Astrofisico di Catania
Consiglio Nazionale delle Ricerche, Italia

Three main separate active regions were present on the solar disk during the 24 January 1971
event.

These regions are the McMath region 11128 located at N20 and Carrington longitude 220 degrees,
the McMath region 11129 Tocated at N12 and Carrington Tongitude 189 degrees and the McMath region
11130 Tocated at S14 and Carrington longitude 186 degrees.

In Figures la and 1b daily maps of Ho and K faculae associated with these regions are shown.
In Figures 2a and 2b the daily maps of sunspots associated with these faculae are shown.

The maps of Ha faculae were drawn using a A600 Durst projector from the heliograms of the Catania
Ho patrol and of the Rome Photographic Journal of the Sun. In the Catania Ho patrol one heliogram is
made each five minutes with filters fed by a single aspherical lens (15 cm/222 cm) from 75 minutes
after sunrise to sunset. Beginning with May 1971 a Zeiss filter is used. The filtergrams are
20.5-21 mm in diameter. The maps were drawn at 150 mm and reduced photographically.

The maps of K faculae were drawn, using the same projector, from the Catania K spectroheliograms
and from the Rome Photographic Journal of the Sun. Catania spectroheliograms are taken daily with a
spectroheliograph fed by the Steinheil refractor (33 cm/347 cm). The spectroheliograms are 31.5-
32 mm in diameter. Also in this case the maps were drawn at 150 mm and reduced photographically.

The maps of sunspots were made using the same projector from the Catania white 1ight patrol and
from the Rome Photographic Journal of the Sun. In the Catania white Tight patrol one heliogram is
made each hour with the Cooke refractor (15 cm/223 cm) using the GH 649 Kodak emulsion + 0G2 Schott
filter. The heliograms are 20.5-21 mm in diameter. The maps were drawn at 150 mm.

From the maps of Ha and K faculae the evolution curves of these phenomena were deduced (Figures
3, 4 and 5). The projected area Ap is given in 10-* of the solar disk. The corrected area Ac =
1/2 Ap sec h is given in 10-* of the solar hemisphere.

McMath active region 11128 that appeared at the East 1imb on January 14, 1971 is that associated
with the geophysical event of January 24. Ho and K faculae associated with this region are described
in Figures 1 and 3 for four transits on the disk from December 18, 1970 to March 21, 1971.

The sunspot group associated with these faculae, described in Figure 2a, lasted three rotations
from January 14, 1971 to March 21, 1971. The sunspot group according to Mt. Wilson Observatory was
Bp type on its appearance on January 14, 1971.

Ho and K faculae associated with the McMath active region 11129 located at N12, 189 degrees are
described in Figures 1 and 4 for three transits on the disk, from December 21, 1970 to February 26,
1971.

The 'sunspot group associated with these faculae, described in Figure 2b, was visible only during
the transit from January 17, 1971 to January 29, 1971. The sunspot group according to Mt. Wilson
Observatory was gp type on its appearance on January 17, 1971.

Ho and K faculae associated with the McMath active region 11130 located at S14, 186 degrees are
described in Figures 1 and 5 for three transits on the disk, from December 22, 1970 to February 26,
1971.

The sunspot group associated with these faculae described in Figure 2b lasted two rotations from
January 17, 1971 to February 25, 1971. The sunspot group according to Mt. Wilson Observatory was
Bp type on its appearance on January 17, 1971.

We notice that as far as it concerns the facula and spot activity all three regions reached
their maxima during the same transit. Moreover, around 23 or 24 January all three regions showed a
peak of activity.




Fig. la Daily maps of Ho and K faculae, Dec. 18, 1970 - Jan. 30, 1971,
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solar disk during the 24 January 1971 event.
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Fig. 1b Daily maps of Ha and K faculae, Feb. 11, 1971 - Mar. 21, 1971,
associated with the three main active regions present on the
solar disk during the 24 January 1971 event.
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3= W Transit 10-20 Mar. 1971

Fig. 2a Daily maps of the N19 sunspots during the three transits of this
active region which was present on the solar disk during the
24 January 1971 event.
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Fig. 2b Daily maps of the S12 and N10 sunspots during the transits of
these active regions which were present on the solar disk dur-
ing the 24 January 1971 event.
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Fig. 3 Evolution curve of Ho and K facula at N20.
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Fig. 4 Evolution curve of Ha and K facula at N12.
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Optical and Ground Level Phenomena Associated with the Cosmic Ray Increase of January 24, 1971

by

Marcos E. Machado
Observatorio Nacional de Fisica Cosmica
San Miguel, Argentina

Several investigations have shown that the occurrence of flares, particularly those producing
energetic proton emission, are intimately related to the strength and configuration of the magnetic
field in the region of occurrence. They appear, in general, in those places where the magnetic
field gradient increases, as has been:shown by Severny and coworkers. On the basis of these results,
Alfven and Carlqvist [1967] developed their theory of solar flares.

Even if no magnetic field measurements are available, as is the case at the San Miguel Observa-
tory, one can estimate the possible occurrence of a solar flare by observing the sunspot ctonfigura-
tion. During the days 20 to 24 January, 1971 we observed the evolution of the sunspot groups con-
tained in the McMath Region 11128; the eastern group born on danuary 19 grew rapidly until January
24, the day when the proton flare occurred. Because of very bad weather conditions, we could not
get white-light photographs again until January 30, and thus were not able to investigate the later
evolution of the sunspot group. See Figure 1.

As mentioned above, we have no magnetic measurements of the region. However, it was considered
very probable that the two sunspots, each belonging to a different group, yet having on January 24 a
common penumbra, would have different polarities, thereby constituting a & configuration. The ap-
proaching of such regions produces an increase in the magnetic field gradient, propitious for fhe
appearance of energetic flares.

Calling 128A the older region and 128B the one born on January 19, we can show the evolution
of the sunspot schematically in the following way:

McMath Region 11128

f
Birth i Development of 128B Common

: b PROTON

128A of 1 | ;:::> penumbra

! developed FLARE
1288 |

: Mean rate of approach of 128B to 128A=1.04°/day

Day 19 20 21 22 23 24

The rate of approach is measured from the decreasing distance between the leading sunspot of the
group 1288 and the follower of group 128A; these collided on January 24. The development of 128B was
measured and is tabulated in Table 1.

Table 1

Measured Area of the Sunspot Group 11128 and of 'the Leading Sunspot in 128B

Day Total Area Leading Sunspot in 128B#%
Total Penumbra Umbra

20 1384 88 73 15

21* 1319 240 149 91

22 1424 297 212 85

23*% 1212 248 194 54

24 2016 215 161 54

* Poor quality plates.
** Area measured in millionths of solar hemisphere.

We can see that the time when the flare occurred was not the time of maximum area covered by the
leading sunspot in 1288. This fact is in accordance with the conclusions of Martres et al. (19683,
who determined that more flares generally appear when the sunspot configuration and area varies,
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(a) Jan. 20
1253 UT
(b) Jan. 22
1229 UT
(c) Jan. 24
1340 UT

Fig. 1. White-light photographs showing the evolution of the sunspot region 11128.
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with no correlation with the maximum area of the group. We believe, in fact, that the conspicuous
phenomenon related to the proton flare of January 24 is the approach of the two sunspots.

The arrival of charged particles, with energies of a few hundred Mev's produced by the flare
could be detected by a super neutron monitor, type 6-NM-64, at the Scientific Base General Belgrano
in the Antarctic Region. In Figure 2 we see simultaneous observations made at the Antarctic base
and at Buenos Aires with the 18-NM-64 monitor of the Institute of Astronomy and Space Physics (IAFE)
They show significant differences. The rigidity cut-off of Base General Belgrano and Buenos Aires
are 0.75 GV and 10.6 GV, respectively. The lack of recorded increase in other than the high geo-
magnetic latitude observatory shows that the particle energies were not very great.

RN
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b

L]
(RS
_lw 5
[ = e
B}
ol SC e :

(1) BASE GENERAL BELGRANC (ANTARCTICA}

(2) BUENOS AIRES

Fig. 2. Simultaneous neutron monitor observations at
Buenos Aires and Base General Belgrano.
(By courtesy of H.S. Ghielmetti and J. Sahade
[Ghielmetti, 19711). The maximum occurred
very close to 0000 UT, Jan. 25, 1971.

Svestka [1970] and Najita and Orrall [1970] have shown that the penetration 6f very energetic
particles into the lowest chromospheric and upper photospheric layers of the Sun can explain the
continuous emissions of flares in the optical and UV region. This hypothesis is strongly supported
by the analysis made by Machado [1971] of line intensities in white-light flare spectra.

The white-1ight emission only occurs when the particle spectra is very hard. Both protons and
electrons might participate in this process, but the electrons will, in general, lose their energy
very rapidly due to synchroton emission. However, if the electron distribution is very anisotropic,
they could play an important role in this process as has been studied by Syrovatskii and Shmeleva
[1971] and mentioned by Svestka [1971].

With the observed range of energies in the proton emission, white-Tight flare emission would be
produced with a very hard power-law spectra (y = 2) which has been observed in some cases [see e.g.
Svestka, 1971].

We have no knowledge of any white-light observations of this flare, but we would not be sur-
prised if no such emission were observed, since a very large proton flare on September 2, 1966 with
y > 4 in the energy range above 100 Mev [Svestka and Simon, 19691 subsequently showed no white-light
emission.
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Sunspots and H-Alpha Plage Associated with the GLE Event of 24 January 1971

by

Patrick S. McIntosh
NOAA Environmental Research Leboratories
Boulder, Colorado 80302

The identification of the active region source for the energetic particle event on 2Lk January 1971
is without question the complex active center then located at N19 Wh9 (McMath #11128). The flare at
2303 U.T. (start of major radio bursts) [Solar-Geophysicel Data] was isolated in time from any other
major events and the arrival of the ground-level energetic partlcles occurred less than an hour after
the beginning of the optical event [Solar-Geophysical Data] This report presents the daily photographs
of the sunspot group and H-alpha plage with only a minimal analysis of the evolution of the active
region.,

It has been repeatedly established that major solar flares prefer to occur in active regions with
complex sunspot and magnetic field configurations. More specifically, proton flares and, by close as~
sociation, flares with type AV radio bursts prefer reglons that were formed by the bandlng of two or
more sunspot groups [Kopecky and Krivsky, 1966; Antelova, 1967; Kleczek and Olmr, 1967]. The closer the
two groups occur, the more llkely they will create a complex magnetic conflguratlon and produce a great
flare [Martres, 1968; K+ivisky end Obridko, 1969]. McIntosh and Donnelly [1970] found that five well-
observed white light flares all occurred close to the line of magnetic polarity reverssl situated be-
tween sunspot groups that were in the process of colliding. All of these flares were also proton flares.
To this writer's knowledge the flare of 2L January 1971 was not observed in white light, yet the evolu-
tion of the active region closely resembled the evolutions of white-light flare sunspot groups. The
discontinuous nature of white light patrol observations allows that this flare might have produced white
light emission.

McMath Region #11128 was located at N19 and Carrington longitudes from 205 to 230 degrees., These
heliographic coordinates have been outstanding for producing great active centers throughout this solar
cycle, although there have been lengthy periods when little or no activity was present at this location

14 Jan. 1971 1548 U,T.

15 Jan. 2120 ULT.

Fig. 1 The east-linb passage of McMath region #11128 as seen in
white light from Sacramento Peak Observatory patrol films
(left) and the new Sacramento Peak Vacuum Tower Telescope
(above). The tower operated at 20-in aperture while
the patrol was with a 6-in lens. Note the small bi-
polar spot group just east of the main group on 16
January, best seen in the Tower photograph above taken at

‘about 1700 U.T.

16 Jan. 171;0 ﬁ.tﬂ.
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17 Jan. 1971 1510 U.T. 18 Jen. 1600 U.T.

Fig, 2

2005 U,.T, 19 Jan. 1550 U,T,

19 Jan. 1971 ~ 1630 U,T,

Sacramento Peak Vacuum Tower Telescope
*esolution: ~ 0.4 arc sec,

e P S o

Sacramento Peak white light photographs of McMath region #11128 during period just

prior to outbreak of vigorous new sunspot group at following end of region. Note the
variability of the small spots trailing the region, the rotation of the largest follower
spot, and the growth of numerous small spots and penumbra in the northern part of the
trailer. The fine structure on the 19th indicates strong twisting of magnetic field
patterns near the line of polarity reversal.
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on the sun, These coordinates were the first to produce a great complex of two or more active centers
during this cycle, and from May, 1965 through January, 1966 no other location on the sun competed with
this area in terms of flares and active centers. Memorable regions at this location include the proton-
flare groups of July, 1966, May, 1967, and March, 1970, Clearly, this has been one of the preferred
active longitudes during the past decade.

The appearance of McMath Region #11128 at east limb on 14 January 1971 did not represent a return-
ing region, although it appeared among some remnants of old plages #11089 and 11091. The sunspot group
(Figure 1) already was large and complex, The presence of two large, symmebtric leader spots, both of
the proper leading (negative) polarity for the northern hemisphere in cycle 20, suggests that already
the region was the product of at least two regions having merged. An additional, very small bipolar
group trailed the large region. This small group was quite varisble in the number and position of spots
during the period from east limb (16 January) until the emergence at this position of a strong bipolar
set of spots on 20 January (Figure 3).

The area between the twin leaders and the large follower spot in the original group contained large
amounts of penumbra associated with meny smell umbrae, some within and meny outside the patches of pe-
numbra. These features changed rapidly from day to day. On 19 January the fine structure of this re-
gion was recorded at high resolution at Sacramento Pesk (Figure 2) and showed evidence of strong twist-
ing of magnetic field lines in the vicinity of the line of magnetic polarity reversal. Maps of the
magnetic field of this region occur elsewhere in this compilation, but the basic megnetic field distri-
bution can be successfully inferred from the H-alpha photographs of Figure 7. The plage corridor mark-
ing the line of polarity reversal exhibited a reversed S-shape winding from east of the twin leaders to
a point north of the pair, then abruptly turning east and passing through the midst of the spots toward
the top of the Sacramento Peak Vacuum Tower photo in Figure 2.

The character of the active center changed with the rapid growth of new spots and plage east of the
large sunspots, beginning at about 0900 U,T. on 20 Januery. Large spots with only rudimentary penumbra
appeared by 2025 U,T. (Figure 3) and the new group had become a large McInmtosh-type Dai group by 1645
U.T. on the 2lst (Figure L). The high resolution enlargement in Figure 5 shows that the strong emerging
magnetic fields caused an alignment of photospheric granules into lanes running from spots of one polar-~
ity to spots of the opposite polarity, mimicking the aligmment of the arch-filament system observed in
H-alpha at the same position, shown for 21 January in Figure 7. It appears that the size of the photo-
spheric granules within the group was smaller than those lying outside the region.

It is normal behavior for the leader and following spots of a new sunspot group to diverge in
longitude as the group ages. In the case of a new group emerging very near an older group, this diver-
gence leads to a collision between the two groups [Martres, 1968]. Such a collision can be seen in
Figure 6. The new eastern group reached maximum area on 22 January and the leading spot steadily moved
westward until it collided with the followers of the large western group on 24 January. As with the
white light flares reported by McIntosh and Donnelly [1970], the proton flare occurred on the day of
closest approach of the two groups. The Sacramento Peak Vacuum Tower photograph for the 2Lth showed
that "bridges" of penumbral filaments formed between the colliding spobs some hours prior to the flare
and the penumbra near the point of collision became darker than is normally cbserved for penumbra. Such
dark penumbre has been noted previously for proton-flare sunspot groups, and in all cases the dark
structures were associated with a line of polarity reversal during an interval of rapidly increasing
gradient in the longitudinal magnetic field across that line [McIntosh, 1969a, 1969b, 1970].

A comparison of the photographs for 22 and 23 January in Figure 6 shows that both the leader and
follower spots of the new group rotated through g0° during this day, as if a twisting of the magnetic
fields from this group was associated with the imminent collision with the older group to the west.
Conspicuous sunspot rotation was also observed prior to the collision of sunspot groups associated with
the great white-light flare of 23 May 1967 [McIntosh, 1969b].

There is one important difference between the flare of 24 January 1971 and the white-light flares
reported by McIntosh and Donnelly [11970]. The white light flares occurred within 10 arc seconds of the
longitudinal neutral line that lay between the colliding groups. The proton flare on 2k January 1971
lay close to the neubral line within the large old group and west of the neutral line between the groups
(see the photographs by McCabe elsewhere in this compilation). Thus, we may speculate that the colli-
sion of the two sunspot groups resulted in a deformation of the magnetic fields associated with the old
western group such that energy was stored and released within the twisted field topology partially map-
ped in the sunspot fine structure of Figure 2,

The sunspot photographs on the days following the proton flare show an overall decay of the activ-
ity complex, except for the growth of new spobts and penumbra immediately south and east of the original
pair of leader spots. This new growth was centered on the longitudinal neutral line associated with the
flare. Since the growth of these spots was already evident on photographs taken before the flare on
24 January, it seems likely that this growth represented emerging magnetic flux that may have triggered
the instability leading to the release of flare energy. Could this sunspot growth be a direct result
of the magnetic field deformation caused by the collision between the two sunspot groups?
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Fig. 3 Bacramento Peak Vacuum Tower photo on 20 January 1971, 2025 U.T. A strong new
bipolar spot group has just emerged at left,

| S S —
30 ARG SEGC

Fig, Ik Sacramento Peak Vacuum Tower photo for 21 January 1971 at 1645 U,T., The spot
group at left continues rapid growth,

Fig. 5 A contrasty en-
largement from Fig. U
showing granulation,
interior to the new
and rapidly-growing
group, aligned into
chains running from
spots of one polar-
ity to spots of the
opposite polarity.
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ol Jan. h 1535 ULT. 27 Jan.

24 Jan. 1971 1648 U.T,

The leader spot of the new
bipolar group (far left) is
in the process of "colliding"
with the follower spot of
the older group. Note the
bridges of penumbra span-
ning the narrow gap between
them, The penumbra of the
old follower spot appears
darker than normal. Sacra-
mento Peak Vacuum Tower photo-
graph.

Fig. 6 Dassage of McMath region #11128 over the western part of the solar disk, showing the
approach and collision of the new bipolar spot group with the older region. Note
the 90° rotations of the leader and follower spots of the new group between the
22nd and 23rd. Small photos are from Sac Peak white-light patrol.
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19 Jen. 1226 U.T,

15 Jan. ;971 ‘ ‘i158 U.T;>

121k U.T, 20 Jan. Boulder 1620 U.T.

17 Jan. 1225 U.T. 21 Jan. 1502 U,T,

18 Jan. 1236 U.T. 22 Jan, 1514 U,T.

Fig, 7 The disk passage of McMath region #11128 as compiled
from patrol filtergrams taken with a %—Angstrom bandpass
filter tuned to the H-alpha line. All of the pictures
except the one from Boulder were baken by the U, S, Air
Force solar observatory at Ramey Air Force Base, Puerto
Rico, Note in the center column the emergence and rapid
growbh of new plage and spots at the following end of
the region. The merging of this area with the original
plage leads to the heating of the chromosphere between
them, as seen in the righthand column, The proton flare
occurred late on 24 January in this area of "collision."

24

23 Jen.

24 Jan.

25 Jan.

26 Jan.

1708 U,T.

1212 U,.T,

1305 U.T.

1253 U.T.

1 ARG MIN
N
E W




This report was greatly assisted by the generous sharing of observations by Dr. David Rust of the
Sacramento Peak Observatory, Joe Hirman of the NOAA observing staff at the NASA S.P.A.N. observatory on
Gran Canary Island, and by Capt. Jimmie Smith, USAF Officer In Charge at the Yth Weather Wing solar
observatory at Ramey Air Force Base, Puerto Rico.
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H-Alpha Synoptic Chart for January 1971
by
Patrick S. McIntosh

NOAA Environmental Research Laborabories
Boulder, Colorado 80302

The large-scale distribution of solar magnetic fields is mapped in considerable detail by the posi-
tion of filaments and filament channels observed in good~-quality H-alpha filtergrams [McIntosh, 1970,
1972al. The synoptic chart of the entire solar surface for the solar rotation centered on the disk
passage of McMath Region #11128 is presented below., This chart is an early version of the charts that
are now being used to derive more detailed magnetic field information for periods when magnetographs
were operating at low resolution, or not operating at all [McIntosh, 1972b]. The definition of the
cellular organizations of large-scale magnetic fields is better on these charts than on synoptic charts
of measured magnetic fields, and the lines of polarity reversal can be traced continuously over much
greater distances. Since the chart below was constructed during the early stages of work on the map-
ping procedures, it may be incomplete and perhaps inaccurate in some areas.

The area of interest for this compilation is located just right of center, with the colliding sun-
spot groups [see McIntosh, elsewhere in this compilation] at N19 and Carringbon longitude 220°. The
solid lines are the locations of filament channels and the dashed lines are areas of extrapolated, or
estimated, polarity reversal.

The magnetic field flux imbalance (deficit?) computed for McMath Region #11128{[Rust, this compila-
tionTl might be explained by this synoptic chart. Rust measured an excess of flux of the negative polar-
ity, presumably emanating from the large leader sunspots. Perhaps this flux excess existed in lines of
force connecting the spots to the large-scale ares of positive polerity immediately west of the active
region.
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Fig., 1 Synoptic chart of the total sun constructed by plotting
positions of H-alpha features assoclated with lines of
magnetic polarity reversal [from McIntosh, 1972al.
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Ho Observations of the Solar Flare, January 24-25, 1971

by
Marie McCabe
Institute for Astronomy
University of Hawaii
Honolulu, Hawaii

McMath Region 11128 was first seen at the East limb at 20°N on January 14, 1971, associated
with a bipolar spot group. Three days later, a new Ho plage appeared immediately East of this region
and developed rapidly as the region crossed the disk. The two main spots of the new group separated
from each other, the leading one approaching the following spot of the more mature group. By January
24th the region was at a mean distance of 45° west of the central meridian.

At Haleakala Observatory Ha flare patrol observations using the 0.58 Halle filter were obtained
during the following hours:

January 24: 1759-2039, 2122-2238, 2311-2400 UT
January 25: 0001-0107 UT

The 10 cm Zeiss filter (0.25R bandpass) telescope was in operation from 2323-2352 UT, with sets
o7 exposures taken at 1 min intervals. Each set consisted of center-line and off-band (% 5/8R) ‘frames
of the active region. Figures 1 and 2 show selected frames from each of these telescopes, during the
progress of the proton flare which was reported in "Solar-Geophysical Data" [1971] to have commenced
at 2309 UT with a maximum at 2316 UT. Prior to the main event there were several other flares oné of
which is seen in the first set of exposures at 1833 UT (Figuré 2); the off-band frames show the sun-
spot configuration.

The flare occurred within the main spot group and showed filamentary structure which curved
around and between the three larger spots, later obscuring the center one and covering part of the
umbra of the leading one. There was minor activity in the following group at points‘a, b, and ¢
(Fig. 2), commencing at 2322, 2325, and 2330 UT, respectively.

Our first observations show the flare consisting of a few bright patches'which coalesced form-
ing one Tong and one arch-shaped filament; the latter extended gradually along one side to become
paraliel to the former, by which time the characteristic shape of a proton producing flare is _obvious.
Scattered brightenings appeared to the south (d in Fig. 2) from 2324 UT, but there was no evidence of
high velocities either along the solar surface or in the line of sight which would have indicated a
spray-1ike feature. Some prominence activity was observed from around 2343 UT when the filament
(e in Fig. 2) appeared in the off-band blue frames, while the center line pictures showed brighten-
ing along the eastern border of the filament for a few minutes.

Due to mostly poor seeing conditions, the resolution of these photographs is not very high, but
a close examination reveals structure between the flare filaments which can be interpreted as a loop
prominence system, commencing at about 2334 UT at line center. Exposures at 2345 UT (Fig. 2) show
this feature. Region 11128 was too far on to the disk to show any material projected beyond the
limb and we had no coronal observations from January 26-28 when the region crossed the 1imb. The
only other activity on the disk during this flare consisted of the temporary appearance of two small
plage regions south of the solar equator but at about the same Tongitude as 11128. One of these is
marked f on the disk exposure in Figure 1 and was present from before 2311 UT; the other was a few
degrees to the east and commenced at 2315 UT. They were both gone by 2330 UT.

The complex system of 80 MHz radio sources associated with the flare have been studied in detail
by Riddle and Sheridan [1971]. The first type II burst was clearly associated with the commencement
of the optical flare, but it is difficult to relate the second major event - type II and type IV,
starting at about 2320 UT - to a specific optical feature.

The observations described above were obtained as a result of support received from NASA Con-
tract NGL 12-001-011 and NSF grant GA 25903.
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Development of Activity in McMath 11128 and the 24 January 1971 Flare

by

Harold Zirin
Big Bear Solar Observatory, Hale Observatories
California Institute of Technology
Carnegie Institution of Washington

The development of McMath 11128 is a fascinating example of the role of magnetic field recon-
nection and solar activity. When this active region came over the 1imb on January 14, it was an
ordinary active region. The sunspots in the leading part, consisting of two "p" spots ("pl" and
“p2") and one "f" spot ("FI"J remained almost identical for the entire period. However on January
19 a new sunspot group developed in the following part of the region and rapidly spread to overtake
the "f" spot of the first group. In the subsequent reconnection of fields, a considerable amount
of activity took place, finally leading up to the great flare of the 24th.

The material for our discussion is provided by coverage with four telescopes: two refractors
at Big Bear which give large scale on-band and off-band Ha; a patrol refractor in Pasadena giving
back-up coverage with a small image, and the Tel Aviv photoheliograph covering the Pasadena night.
Fairly continuous coverage is available during the disk passage of the region.

The development of the region is shown in Figure 1. We number the “p" spots "p1" and "p2" in
the leading group, and "p3" in the follower; "f1" in the lead group (best seen January 22) and "f3"
in the follower.

The emerging flux region to be designated Mt. Wilson 18284 was first seen by us on the 19th at
0700 UT on the Tel Aviv films. Its further growth was followed at Tel Aviv on the 20th. MWe have: no
film on the 21st, but on the 22nd it could be seen as a rapidly expanding bipolar region. By that
time the lead spot "p3" of 18284 had pushed deep into the "f"'plage of 18281, almost touching the
second "p" spot "p2" of that group.

On January 22nd "p3" had reconnected to the "f" plage of the older group. A number of bipolar
flares took place this day, with branches fin "p3" and "f1". Note that there was no cancellation be-
tween the colliding "p" and "f" polarity, just reconnection. In fact the "f" spot even grew a bit.
At the same time the big filament curling around "pl" and "p2" curled into a much tighter arc as
the "f" plage pushed forward. The region along the filament grew considerably brighter, until on
the morning of the 24th the filament was completely surrounded by bright plage, a situation often
preceding flares.

On the 23rd at 1929 UT a.flare_occurred with a 'p" branch in the N arc of ‘the filament.and “f"
branch near spot "f1". On the 24th. the filament had aiso encroached on the penumbra of "p2" so that
it was sharply cut off. A precursor flare occurred along the ‘filament at 2046 UT, accompanied by an
expulsion from the "pl" spot and an impulsive radio burst. At 2230 UT gradual brightening started
all over the area. There was very little motion of the filament, which just appeared to fade out.
This is verified by the simultaneous off-band (-%'R) films and a A scan from -1 to +1R/at 2300 UT,
The real brightening starts at 23 hr 08 min 45 sec, the two strands starting to separate at 2310 UT.
The bright "p" strand curled out from the N arc of the filament to cover. the spot "p2", while the
bright "f" strand spread over the entire "f" plage, but interestingly '‘enough did not remain par-
allel to the filament. The most energetic part of the flare seems to have been a bifurcation of the
filament near its northernmost arc, where some new flux has pushed up; it was here the "f" strand
broke away from the filament.

On the 25th some structural change could be seen. The plage under the big filament was no longer
bright, but the filament was back in place. The spot "pl" was split in two, and the spot "p2", over
which the flare had occurred, was much diminished in size. On the 26th "p2" had_disappeared. ' It may
be no accident that the most significant spot changes in five days occurred after this big flare.

In summary, there is some evidence that the expansion of Mt. Wilson 18284 into Mt. Wilson 18281
gave rise to stresses which ultimately caused the great flare of 24 January 1971, but the case is not
proven. The flare was also marked by intrusion of a filament onto a spot penumbra and rapid decline
of that spot. The flares between "p3" and "f1" on the 22nd are a nice example of field reconnection.

This work was supported by NASA and NSF. I am indebted to Dr. J. Vorpahl for several valuable
discussions.
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Fig. 1.

[=23-71

BIG BEAR SOLAR OBSERVATORY

1-24-71  20:58:55

25-71 22:43:46

19:29:35

Four stages in the development of McMath 11128.

(W top, N

1/20/71:

1/23/71:

1/24/71:

1/25/71:

Teft)

The emerging flux region Mt. Wilson 18284 is seen at the
bottom.

Mt. Wilson 18284 has grown into a serious bipolar group;
its Teader "p3" shares a penumbra with the follower "f1"
of 18281, and the filament around that group has been
compressed.

Just before the flare the filament is completely enveloped
by plage and has moved closer to "p2". The follower spot

"f1" has broken up.

After the tlare the size of spot "p2" is greatly reduced.
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Fig. 2.

BIG BEAR SOLAR OBSERVATORY
Proton Flare
January 24, 1971

Development of the flare. The print at 23 hr 11 min 37 sec was redone
at a different time from the others and is too contrasty; the actual
flare brightness at that time is no greater than at 23 hr 14 min 46 sec
directly following. Note the steady separating of the two bright
strands in the course of the flare. The lower strand filis the area of
following polarity between "p3" and the filament; the "p" strand fills
the area inside the filament. The "f" side of the leading part of the
filament plays no part in the flare.
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Flare of January 24 - 25, 1971

by

F. Moriyama
Tokyo Astronomical Observatory

Introduction

A large flare occurred at N18 W49 in an E-type sunspot group on January 24-25, 1971. We ob-
served this flare at the Tokyo Astronomical Observatory using a 14 cm SECASI monochromatic heliograph
at the center of Ho (pass band 0.75R) and a 20 cm equatorial refractor equipped with a Halle filter
(pass band 0.58) at the center as well as in the wings of Ha. Unfortunately, because of unfavorable
weather, photographic records were obtained only for the decaying phase of the flare, Figure 1.

Mr. Ohki of the Goto Optical Co. took seﬁera1 pictures of the flare around the maximum phase with
an Ho interference filter (pass band 2.4A) mounted on a 7.5 cm refractor. The photographic aspect
of the flare observed at the two observatories is collectively presented in this report.

Development of Flare

Figure 2 shows pictures taken at the Goto Optical Co. In the first two prints, the flare appear-
ed in two bright ropes: the one (F1) described a semicircle surrounding the north-west side of the
central spot (S2), the other (F2) extended north and south across the eastern part of the sunspot
group. The two ropes were similar in brightness, and the central spot was partly covered by FIl.
Between 2322 and 2335 UT, F1 evolved into a rather straight rope lying to the west of the central
spot.

The apparent area of the flaring region was measured to be 1130 millionths of the solar disk
at 0013 UT on January 25 when the observation started at Mitaka, and the flare was classified as
importance 3n. Ho filtergrams showing the subsequent development of the flare are given in Figures
3 and 4. In the pictures at the 1line center of Ho, amorphous brightenings were visible superposed
on the main flare ropes, which were prominent in the off-band pictures. On the original negatives,
one can see threadiike formations (L) which bridged the gap between the two main flare ropes. They
lasted until the end of the flare, and may be a system of loop prominences seen projected on the disk.

Fig. 1. Ho-filtergram taken with SECASI monochromatic
heliograph at the Tokyo Astronomical Observa-
tory on Jan. 25, 1971.
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Fig. 2. Flare observed with a broad band filter (pass band 2.4A) at the
Goto Optical Co. on Jan. 24, 1971.

Fig. 3. Flare observed with SECASI monochromatic heliograph at the
Tokyo Astronomical Observatory on Jan. 25, 1971.




Fig. 4. Development of the flare photographed
with Halle birefringent filter.
Set 1. near the line center
2. -0.45A
3. +0.55A
4, +1.0A
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The violet image of the flare.was more enhanced than the red image in Set 3, but this asym-
metry might possibly be caused by a shift of the wavelength scale of the Halle filter due to imperfect
temperature control. Judging from the appearance of the ghﬁomospheric structure in the off-band
ohotographs, we estimate the shift to be approximately 0.05A.

A dark surge (D) was seen near F1 at 0045 UT, Figure 3. Although largely obscured by bright
features, it can be traced back til1l 0013 UT. The surge was most noted in the +1.0R off-band picture

at 0044 UT, which showed the surge to originate in the north side of the central spot, and'disappeared
at 0145 UT.

At about 0220 UT the brightness of the region did not change, and we may consider the flare ended.

Acknowledgement

The author is grateful to Mr. K. Ohki for kindly providing pictures taken at the Goto Optical Co.
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The Flare of 24-25 January 1971 Observed at Manila

by

Francis Heyden, S8.J. and Danilo Balboa
Manila Observatory, P.O.Box 1231, Manila, Philippines

The flare was observed visually with the Halle filter. Spectroheliograms were taken in Hg
and K (Ca II). White light photographs were taken at Manila and Baguio. Continuous observation of the
sun was maintained until 0212 UT of 25 January. At the time of the flare the sun was at a rather low
altitude, approximately 20° above the southeastern horizon.

The 2B flare occurred at NI9W50 in a region of several sunspots (Figures 1 to 4), Boulder
region 128A or McMath region 11128. Starting time was observed visually at 2309 UT on 24 January
1971. Two maxima were observed, the first at 2316 with an estimated area of 280 millionths of the
disk, and the second at 2322 with an estimated area of 450 millionths.

Three spectroheliograms were taken during the flare: one in H o (Figures 5 and 6) at 2357 UT
on 24 January and two in K (Figures 7, 8 and 9) at 0005 and 0024 on 25 January. Although the Ha
spectroheliogram was taken after the two maxima, there is a considerable amount of detail, some of
which is common to the white light photographs. There is a definite overlay of a bright cloud that
shows a ribbon structure and which appears also on the K spectroheliograms taken at 0005 and at
0024 UT. The last coincides with the visual estimate of the end of the event.

The white light photographs were taken with Unitron four-inch F15 refractors at Manila and
at Baguio, Both of them have been fitted with eyepieces which give approximately 30 X enlargement
to permit direct reading of the film without projection. The four enlargements (Figures 1 to 4)
show some rather interesting features. The first pair of sunspots show light bridges quite narrow
across the leader and quite broad across the follower, This latter is most involved with the flare and
on its light bridge there appears a distinct brightening about twenty minutes before the end of the flare
at 0024. This same brightening of this area of the light bridge is seen on the photograph taken at
Baguio at 2354 near the time of the Ha spectroheliogram (Figures 5 and 6).

While the Wilson effect [Tandberg-Hanssen, 1967] seems very pronounced on the sunspots, a
decided change occurs on the eastern edge of the following spot of the second pair, At 2321 (Figure
2) twelve minutes after the estimated beginning of the flare, the penumbra is still missing completely.
About twenty-four hours earlier at 2342 on 23 January, a very bright loop had encroached over the
eastern edge of this same spot, which also appeared double at that time {Figure 1). Between the
white light photograph. at 2321 on 24 January and the one taken at 0005 on 25 January some slight
changes have occurred. The K spectroheliogram corresponds to the ending of the flare., An enlargement
of the flare is shown in Figure 9, but many of the details of the original have been washed out. On the
white light photographs taken at Manila and Baguio a few minutes earlier (Figures 2 and 4) there is
another area of brightening appearing on the northwest edge of the following spot of the second pair,
This spot is also involved in the flare.

The very bright encroachment (Figure 1) which can be seen also on the white light photograph
taken at Baguio at 0010 on 24 January (Figure 10) does not show the duplicity that was noted twenty-
four hours later in Manila. Possibly the duplicity is only apparent. No reports on this feature by
other observers are available at Manila Observatory. Possibly it is due to an overlap of the sunspot
areas 128A and 128B. An overlay (Figure 11) showing the position of the sunspots with respect to
the area of the flare has been prepared to give some idea of the relative positions of the features
mentioned in the other Figures,

The spectroheliograms in Ha and K (Ca II) were taken by Adalric Arinque. The Baguio white
light photographs were taken by Simeon Dicang.

REFERENCE
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Fig. 1. Sunspots at 2342 UT, 23 Jan. 1971

Fig. 3. Sumspots at 0005 UT, 25 Jan. 1971
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" Sun in Ca II ét 0005 UT, 25 Jan. 1971 (enlargement)
41

Fig. 9.




Fig. 10. Sunspots at 0010 UT, 24 Jan. 1971 (Baguio)

Fig. 11. Sunspots superposed on Ho flare of 2357 UT, 24 Jan. 1971
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Development of the Large-Scale Situation in which
the Proton-Flare of January 24, 1971 Took Place

by

V. Bumba
Astronomical Institute of the Czechoslovak
Academy of Sciences, Ondrejov

and

J. SYkora
Astronomical Institute of the Slovak
Academy of Sciences, Skalnate Pleso

1. Introduction:

Recently in several notes [Bumba 1971a; Bumba 1971b; Bumba et al. 1972] it was demonstrated that
during the descending part of cycle of solar activity No. 19, the location of large particle-emitting
flares was closely related to the large-scale distribution of photospheric magnetic fields. These
large-scale magnetic field patterns are also connected with the systematic distribution of magnetic
field and flare activity in heliographic longitude [Bumba 1971aj and therefore with the development
of complexes of activity [Bumba et al. 1972]. Very often the magnetic fields of one polarity in an
act1v1ty complex become expanded into large, regular (or semiregular) drop-shaped structures extend-
ing often more than 100° of heliographic longitude [Ambroz et al. 1971]. The opposite polarity forms
a complementary figure. The center of gravity of the major flare activity, and of particle- emitting
- flares, is never connected with the head of these patterns formed from older magnetic fields, but is
usually anchored to the eastern part of this drop-shaped magnetic field body. The regular large-scale
distribution of magnetic fields is practically repeated by the distribution of the green corona in-
tensity, wh1ch has the same spatial relationship to large flares as in the case of magnetic fields
[Bumba , Sykora 19717.

2. Development of the Large-scale Situation in which the Studied Proton-flare Took Place:

Information about the development of the large-scale situation in which the proton-flare of
January 24, 1971 took place is shown in Figure 1. This complex figure presents a time-series of
synopt1c charts, plotted in latitude and longitude, centered on the longitude of the proton-flare
region of the January 24 event (220°) and with the arrow indicating the solar rotation during which
the flare took place (1570). Figures la and 1b show the negative and positive polarity magnetic
fields, respectively, drawn from daily Mt. Wilson magnetic maps. Figure 1lc presents the Solar Ac-
tivity Fraunhofer Institute maps. Figure 1d shows geomagnetic data taken from the Gdttingen daily
geomagnetic character figures, shifted four days to take into account the travel time of solar
particles.

Studying the magnetic field distribution, we find the same behavior as in the preceding cycle,
although the large-scale characteristic features of the magnetic field body are not so well pro-
nounced. On the negative polarity maps, two streams of concentrated fields with synodic rotation
close to 27 days are seen. In the center of the figure in northern heliographic Tatitude where the
flare occurred, the indication of a drop-shaped feature with its tail stretched out to the southern
hemisphere may be seen in its development. ‘Again, the flare did not appear in the region of the
head of this feature but in its eastern part, about 90° from the head. The complementary patterns
of the positive polarity are not as spectacular as during the previous cycle. Consider the Carrington
period of synodic rotation of positive polarity features connected with the flare. As in previous
cases the fast redistribution of negative polarity following the flare occurrence is seen in opposi-
tion to the relative stability of the positive polarity patterns.

The development of calcium plages and spot groups in the given Tongitudinal and time interval
shows that the proton-flare region seems to be the last large manifestation of activity in this
Tongitudinal interval. The fast disappearance of activity in the western stream of negative polarity
once more speaks in favor of the idea that the fields in the head of drop-shaped large-scale field
body are older, being the remains of activity which took place there several rotations earlier.

Concerning the enhancement of the geomagnetic activity in the previous nineteenth cycle, it was
as a rule closely related to the streams of older positive polarity magnetic fields [Bumba, 1971c3
Bumba, 1971b; Ambroz et al. 1971]. For the first time during this period of the two recent cycles,
the recurrent geomagnetically enhanced time intervals correlate with the streams of negative polarity
magnetic field, as is seen in Figure 1d compared with Figures la, 1lb and lc. This important fact is
studied and discussed separately.
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Fig. la. Series of consecutively mounted synoptic charts (for latitudes % 40°) of negative polarity
magnetic fields for rotations Nos. 1566-1575. For integration two consecutive maps, one of
which is repeated, are always overiapped. The rotation with the proton-flare which took
place close to the indicated heliographic Tongitude 220° (N 19°) is shown by an arrow.
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The same series of consecutively mounted magnetic synoptic charts as in
Fig. la for positive polarity fields.
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Rotation No.
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Series of consecutively mounted charts of the large-scale solar activity
distribution (Fraunhofer Institute, Freiburg) without overlapping of maps
for rotations Nos. 1566-1574. Active region F 38 in which the proton-
flare occurred is indicated by an arrow.
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Series of consecutively mounted charts of geomagnetic activity distribu-
tion {Institut flr Geophysik, Gottingen) for the same time interval with
the same overlapping of charts. The four days, needed by the particles

to arrive at the Earth, are fcaken into
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Fig. 2. The development of spot area and magnetic field intensity in two sunspot

groups (No. 17 + No. 20) forming the proton-flare region. On the bottom

the changes of the area in 10-° of the visible solar hemispheré taken

from the "Magnetic Field of Sunspots” published by the Pulkovo Observa-

tory of the U.S.S.R. Academy of Sciences. The small areas of satellite
groups are drawn too. The middle part shows changes of the maximum negative
(S) and positive polarity (N) magnetic field intensity in the leading and
following part of the main spot group No. 17. The top shows the same for the
newly developed group No. 20.

48




3. Development of the Proton-flare Region:

We believe that to understand the physics and the trigger mechanism of the studied flare the
interesting development of the proton-flare sunspot groups has to be described. The main group
(No. 17), as seen for example in the “Magnetic Field of Sunspots" published by the Pulkovo Observa-
tory of the U.S.S.R. Academy of Sciences, appeared well developed, bipolar, with some indications
of magnetic field complexity when at the Timb. Until January 21 both polarities were separated in
two pronounced rows. On January 18 several degrees east of this main group a small bipolar group
(No. 20) developed. On January 21 this sunspot group started to grow rapidly and on January 23 it
reached its maximum area. During the same time interval very small satellite groups appeared north
of the main group (No. 28, 29, 30). Simultaneous with this growth the main group (No. 17) became
more complex. On January 24 both groups seemed to interact mutually and on this day their area di-
minished rapidly. This area decrease continued until they passed the western 1imb. The described
development of both groups is seen in Figure 2, which shows the daily values of area of each group
until it was no longer possible to separate them. The changes of maximum intensity of the main
spots in both groups are also presented in Figure 2. Note the higher values of the southern (]ead—
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Fig. 3. Coronal situation above the proton-flare region for the rotation with the flare
and the next rotation. Lines of equal mean intensity of the green (i 5303 A)
coronal emission in absolute coronal units above the studied solar region are
ghown.. The isophotes are drawn with the distance of 25 absolute units, the
intensity being unified to the Pic~du-Midi photometric scale using the method
described by Sykora [1971]. Heliographic coordinates are indicated. Also,
the passage of the region on the 1imb is shown by the date and an arrow.
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ing) polarity throughout the whole transit of both groups on the disk with the exception of the day
with the proton-flare. The same results were obtained by Krivsky [1972]. Also, the enhancement of
flare activity reported by him as starting on January 18 and once more on January 24 is probably re-
lated to the described phases of development of the two groups forming the proton-flare region.

4, Coronal Situation Above the Proton-flare Region:

Not enough observational data exist to follow the large scale distribution of the coronal green
emission (A 5303 A). Thus, in Figure 3 only the situation as it was observed on the east and west
solar Timb around the day of the studied region's passage (indicated by the arrow) and one rotation
after is shown. The peak of emission intensity (247 coronal absolute units) at the east 1imb on
January 15 probably indicates the future development of the sunspot group No. 20. The peak of in-
tensity (309 units) at the west Timb on January 30 does not belong to the studied region; it is con-
nected with another group, separated from the proton-flare region. The fact that the coronal situa-
tion after the flare occurrence becomes calm very fast seems to be meaningful.
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Magnetic Fields in McMath Region 11128

by

David M. Rust
Sacramento Peak Observatory
Air Force Cambridge Research Laboratories
Sunspot, New Mexico 88349

ABSTRACT

The magnetic fields in the region which produced a 3B flare on January 24, 1971, were
measured with a non-saturating magnetograph on January 18 - 20. Other data reveal only
minor changes during the intervening days in the gross structure of the magnetic field in
the western part of the region where the flare occurred. Utilizing this knowledge, I have
computed the current-free fields for the Tow corona over the region. The computed fields
provide considerable .aid in understanding diverse phenomena of the flare, including the
observed pattern of Ho brightening, the post-flare loops and the escape of protons from
the seat of the flare.

1. Instrumentation

On January 18, 19 and 20, 1971, I measured the Tongitudinal component of the photospheric magnetic
fields in McMath Region 11128. These observations were made with the Doppler-Zeeman Analyzer (DZA),
a photoelectric instrument similar in some respects to the Babcock magnetograph used at Mount Wilson.
The chief difference between the DZA and the Babcock magnetograph is that the DZA splits the light
passing through the entrance slit of the spectrograph into two beams representing incoming light of
opposing senses of circular polarization. At the output of the spectrograph, the central wavelength
of each of the two images of a selected spectral Tine is measured photoelectrically and recorded on
magnetic tape. The recordings ('R' and 'L') of the central wavelengths of the right- and left-circu-
larly polarized images of the spectral line are processed in a digital computer to produce contour
maps of the longitudinal velocities and longitudinal magnetic fields over selected regions of the
solar disk. Velocities are computed from the average of the L and R wavelength shifts and magnetic
fields are computed from the difference, L - R. Because the L and R shifts are measured independent-
ly of each other, the DZA magnetic signal does not saturate in intense fields, contrary to the be-
havior of a Babcock magnetograph. The brightness in the wings of the line and the coordinates of
each observation point on the solar disk, are recorded along with the L and R signals. For a more
complete description of the instrument, the reader should see the articles by Dunn [1971] and Evans
[1966].

2. Observations

I chose to make all the observations in the Fel 1ine at 5250.218 R because of its high sensitiv-
ity to the Zeeman effect (gA® = 83). As Harvey and Livingston [1969] have pointed out, the line is
extremely temperature sensitive and measurements made with conventional magnetographs must be in-
creased by a factor of up to 2.5 due to the correlation between temperature-induced Tine profile
changes and the Tongitudinal magnetic field. The DZA measurements suffer somewhat from the same
fault, but to a lesser degree [Hollars, 1970]. The magnetic field intensities indicated on the maps,
therefore, should be increased by perhaps 50%, the error depending upon the unknewn sub-telescopic
fine structure of the fields. Table 1 gives other observational details.

Table 1 ObservationaTl Parameters

Scan Time
No. Date (uT) 4 Aperture gﬁggrsggﬁgﬁg Image Quality
(arc sec) (arc sec)

1 1/18 1548 - 1601 4 x 4" 10" fair
2 1/18 1601 - 1614 4 x 4 10 fair
3 1/19 1534 - 1552 4 x4 4 good
4 1/19 1552 - 1610 4 x4 4 good
5 1/20 2022 - 2030 8 x 10 8 poor
6 1/20 2030 - 2038 8 x 10 8 poor
7 1/20 2039 - 2047 8 x 10 8 poor
8 1/20 2047 - 2055 8 x 10 8 . poor

Figures 1, 2 and 3 show maps of the longitudinal component of the magnetic field for scans 1,
3 and 6 made on January 18, 19 and 20, 1971, respectively. The contour levels start at + 10 & and
increase by factors of two up to a -1280 G contour on each map. Solid 1ines enclose positive fields
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Fig. 1. McMath Region 11128 magnetic fields at 1601 UT, January 18, 1971,
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Fig. 3. McMath Region 11128 magnetic fields at 2038 UT, January 20, 1971.

and dashed lines enclose negative fields. As with the Mount Wilson magnetograms, this convention is
reversed when the fields within an area already contoured are locally decreasing; i.e., we have a way
to distinguish a 'valley' from a 'hil1'. “Geocentric north is toward the top of the maps and east is
on the Teft. A1l of the maps show the fields in a 300 by 400 arc sec area. Due to cloudiness and
some haste in setting-up for the observations, the maps for the three days do not represent a homo-
geneous set of data and cannot profitably be examined for detailed changes from day-to-day. However,

much can be learned from a detailed examination of the individual maps.

The most intense field in McMath Region 11128 was in the large, negative-polarity, leading sun-
spot. The DZA measurements for both January 18 and 19 indicated a field of -1900 G there. The visual
field measurements from Mount Wilson indicated fields of -2600 G and -2900 G on January 18 and 19, re-
spectively. The differences between the two types of measurement probably are not significant, since
the aperture of the DZA averages the field over a relatively Targe area while the observer making
visual measurements selects the point of most intense field in the spot. The DZA should be considered
principally as a flux measuring device, therefore. The integrated positive flux through the region
on both days was 10%2 maxwells, and the integrated negative flux was -1.4 x 1022 maxwells. The mean-
ing and reality, even, of the flux deficit of 4 x 102! maxwells are among the most intriguing and
difficult problems in the study of solar magnetism. In the calculations of lines of magnetic force

described below, I assume the flux difference is real. The fieldline calculations are based on data
from January 20, when the measured net flux was 3 x 102! maxwells.

When compared with the map of the fields for January 20 (Figure 3), the higher resolution of the
magnetograms from January 18 and 19 is obvious. The gross structure of the magnetic fields is the
same on all three days, however. In the first two maps, one may especially notice how complex the
fields are in comparison with most active centers. The leading spot of negative polarity is surround-
ed by 'satellites' of opposite polarity. These satellites will always be closely associated with
small flares and surges and may serve as the starting points for large flares [Rust, 1972]. How-
ever, as Figures 1 and 2 show, the satellites change significantly from day-to-day, and it is there-
fore impossible to associate any of these features with the 3B flare of January 24.

Notice the region of steep horizontal gradients in the field that appears at the NW (hooked)
extreme of the inversion Tine that runs diagonally across the center of Figure 2. It is possible to
follow this region on the magnetograms of the succeeding days up to January 24, when the first bright
points of the flare at 2309 UT occurred there. From a topological point of view, it is probably im-
possible to construct a set of lines of magnetic force near such a region of intertwined polarities
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without admitting to the presence of at Teast one true neutral point in the magnetic fields in the
low corona or upper chromosphere there. Of course, there are theoretical reasons for supposing that
flares start at such neutral points, but more important for the discussion that follows is the fact
that matter accelerated at such a point will have access to fieldlines leading to many other sections
of the active region.

3. [Fieldline calculations; the flare of January 24

An examination of Mount Wilson magnetograms and Ha photographs from January 20 to 24 showed that
the western part of McMath Region 11128 (the part where the 3B flare occurred) did not change its
gross structure during that period. Therefore, I computed the lines of magnetic force that would
stretch over the region if there were no electric currents in the lower corona. The input data for
the calculation are the fields measured by DZA on January 20, 1971 (see Figure 3). The fields ob-
served on that day may be regarded as the radial component of the magnetic field in the photosphere,
since the region was near disk center then. Figure 4 shows the coordinates of the scanned region on
that day and outlines the principal sunspots. The method of calculating the current-free fieldlines
and the Timitations of such calculations have been discussed by Schmidt [1964] and by Rust [1970].

A most important characteristic of the computed lines of force that must be borne in mind when com-
paring the fields with other data on the flare is that these current-free fields are incapable of
energy release. The field lines computed with the aid of the Schmidt program and shown in Figure 5
represent the lowest energy state of the magnetic fields over the active regicen. The distribution
of the poles in the photosphere, as shown in Figure 3, uniquely determines the fields shown in Fig-
ure 5,
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Fig. 4. Sunspot outlines and solar coordinates for McMath
Region 11128 at 2038 UT, January 20, 1971

The reader may immediately notice several interesting features of the fieldlines in Figure 5
that will help understand the 3B flare of January 24. Most noticeable are the lines of force open-
ing into space from the leading, negative-polarity spot. The open lines generally curve gently to
the east and one has no difficulty in his mind in connecting these lines of force from the flaring
region at 49° west longitude with the spiral fields of the solar sector structure that will help
guide to the earth the high-energy protons emitted at the beginning of the flare. The open field-
lines stem from the same region of the leading spot as do fieldlines passing through the region
where the flare started. High-energy protons may diffuse from closed fieldlines extending from the
region where they were accelerated to adjacent, open fieldlines that they may follow into inter-
planetary space.
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Fig. 6. Flare patches (shaded areas) and post-flare loops at 2345 UT, January 24, 1971
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As a check on the possibility that matter was ejected from the region of the leading spot dur-
ing the flare, one should follow the high loops that curve over the region to the small patches of
positive field in the northeast. If material were to follow these 1ines of force and strike the
chromosphere, there would be some flare brightenings far removed from the two ribbons of the main
body of the flare (see Figure 6).

Dr. Marie McCabe of the Institute of Astronomy in Hawaii has kindly allowed me to examine a
preprint of her Ho observations of the flare. Her discussion of the observations appears elsewhere
in this volume [McCabe, 1972]. Her observations show that there were indeed a number of sporadic
brightenings of isolated points in the northeast region. The brightenings occurred in positive
field regions, as closely as I can tell from maps made on January 20 and extrapolated to January 24.
As we should expect, also, the leader spot was partially obscured by Ha emission during the flare.

In Figure 5, it is interesting to note, the lines of force from the leader spot either spread
outward toward the earth or curve high over the closest positive fields. Instead of stopping there,
the fieldlines extend to the positive fields on the eastern edge of the region. The leader spot is
not connected magnetically to the two principal ribbons of the flare. As shown in McCabe's obser-
vations, these ribbons are parallel with and close by the principal inversion 1ine of the region.
The current-free fields show a system of low-lying loops connecting these ribbons. It is well
known from the work by Bruzek [1964] that the brightest ribbons of major flares outline the locus of
the intersections of post-flare loops and the solar surface. As Figure 6 shows (it has been drawn
from McCabe's observations) there was indeed a system of low-lying Toops seen to connect the bright
ribbons of the flare. These Toops coincide very closely with the computed fieldlines shown in
Figure 5.

The flare started at 2309 UT, and McCabe saw the Toops at 2345 UT, a sufficiently long time
after the onset of the flare to allow the magnetic fields, now drained of their convertible energy,
to assume the current-free configuration shown in Figure 5. A remarkable correspondence between
post-flare Toops and lines of magnetic force computed with the Schmidt program has been noted
earlier by Rust and Roy [1971]. Roy [1972] has shown convincingly that the growth of Toops coin-
cides with sets of successively higher fieldlines computed from center-of-the-disk magnetic obser-
vations.

4. Summary

The usefulness of moderate-resolution magnetograms and current-free field calculations is evi-
dent from this preliminary analysis of data from the January 24, 1971 proton flare. A more detailed
study of Ho films and of the associated radio and high energy phenomena is planned in order to dis-
cover how far one may apply the rather crude techniques used here to the flare problem. Sakurai
[19701 derived a model field configuration for proton flares that bears a striking resemblance to
the current-free fields shown in Figure 5. The fact that his work was based entirely upon Type IV
radio data and Ho observations of major flares seems to lend credibility to the picture derived
here.
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A Study of the Coronal Active Region

Associated with the Eruptive Flare of January 24, 1971

by
P. R. SenGupta

Tripura Engineering College

Tripura, India

The eruptive flare of January 24, which occurred at 2307 UT, was associated with the McMath

plage region 11128.

This is concluded from the reported Tocation of the associated optical flare.
The optical flare which started at 2309 UT was of importance 1B.

The X-ray flare belonged to
Type III (Eruptive) flare according to the author's classification [SenGupta, 1971b].

A number of

intense radio bursts covering a wide range of frequency were also observed during the flare. That
the flare was of eruptive nature is confirmed from the Solar Particle Events recorded simultaneously

by particle detectors on several satellites within a few hours after the flare.

11128.

Table 1 shows the time history of the Coronal Active Region Associated with McMath plage region
Daily physical data of the active region calculated from the daily 9.1 cm Radio-Spectrohelio-

gram made by Stanford University Radio Astronomy Laboratory and published in "Solar-Geophysical Data"
[319, 1971], employing the physical model of the Plage Associated Active Regions and the empirical
formula derived by the author [SenGupta, 1971a], are Tisted in the first two columns of Table 1.

Te max is the maximum electron temperature and Yi the total emission measure of the region.

Table 1

Calculated and Observed Physical Data for the Active Region Associated with McMath Region 11128

R R I L SR B P g P
iggi {10° °K) (10%%cm=?) | flux from the re3§§§ recorded region reported
region by NRL detectors|| by University of
Towa experiment
14 2.3 14 13 Nil Nil
15 2.4 20 19 1 1
16 2.5 28 26 1 1
17 2.6 30 27 1 Nil
18 2.7 32 ? 2 Nil
19 2.7 35 29 3 1
20 2.7 29 25 ? Nil
21 2.7 25 20 4 1
22 2.65 25 20 2 1
23 2.6 20 18 1 Nil
24 3.0 45 32 7 4
25 2.4 14 12 Nil Nil
26 2.3 12 12 Nil Nil
27 2.2 6 7 Nil Nil

9.1 cm flux from the region listed in column 3 is also from the same issue of the "Solar-Geophysical
Data". NRL X-ray flare data in column 4 are from the continuous daily plots in "Solar-Geophysical
Data" [323, 1971]. The University of Iowa X-ray flare data in column 5 are also from the same issue
of "Solar-Geophysical Data". The number in both cases is taken from the correspondence with optical
flares from the region. There are fewer flares in column 5 than in column 4 because the University

of Iowa reports only those flares in which peak flux exceeds the preflare level by.a factor of four
or more.

It is easy to see from the Table that there were two superimposed phases of activity. The
first phase reached a peak on January 18-19 with a peak temperature and emission measure of
2.7x10°% °K and 35x10%*® cm-®, respectively, and showed a decline from January 20. But before the
activity could decline to the background undisturbed coronal level, a second and more intense phase
of activity showed up which had a very fast growth and an equally fast decay. Comparing the growth
and the decay rates of the two phases, we find in Table 1 that while it took five days for the first
phase to increase the electron temperature from 2.3 to 2.7x10% °K, i.e. by 0.4x10%® °K, in the second
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phase it took only one day for an equal increase in temperature. The decay of the second phase is
more significant. In one day the electron temperature decreased by 0.6x10° °K and the emission
measure was reduced to Tess than 30% of the previous day's value. It 'is significant to note that the
great eruptive flare occurred at 2307 UT on January 24. The daily physical data in Table 1, as also
in Figure 1, correspond to 2000-2100 UT. Hence, the data on January 24 correspond to the activity
about two hours before the great eruption, while the data on January 25 correspond to the activity
level about twenty hours after the flare. Altogether, seven X-ray flares were recorded by NRL
detectors on January 24. The decline in the activity may thus be well attributed, at least partly,
to the release of energy in the eruptive flares of January 24,

Data in columns 3, 4 and 5 are also in conformity with the behavior of the Active Region de-
scribed above.

Figure 1 gives a picture of the growth and decay of the second phase of the activity in terms
of area and the distribution of electron temperature in the region. The figures on the contours
represent the calculated electron temperature in 10® °K.
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3. SOLAR RADIO EVENTS

On_the S-Component and Noise Storms in January, 1971

by

A. BGhme and A. Kriiger
German Academy of Sciences
Central Institute for Solar-Terrestrial Physics
(Heinrich-Hertz~-Institute)
Berlin-Adlershof, GDR

This report is restricted to a representation of radio flux and polarization data referring to
the development of the active regions before the occurrence of the proton event on January 24, 1971.
The observed data are shown in Table 1, and are condensed in form of synthetic spectral diagrams of
the S-component and the noise storm emission (Figure 1).

It is widely believed that the S-component and noise storm spectra carry some significance
about conditions facilitating the outflow of high and medium energetic solar particles, respectively
[cf. also Sakurai, 1971]. However, it is indicated by the present examples that the observing con-
ditions by directivity and angular dependence of the emission properties are not always favorable for
an exact prediction of energetic events.

The Jdanuary 1971 Period

The last decade of January 1971 was characterized by an increase of the S-component up to about
130 solar units at the spectral maximum near 10 cm wavelength. Apparently this increase was prefer-
ably due to the influence of the active region on the northern hemisphere which produced the proton
flare on January 24 (cf. Figure 1).

In contrast to the long-period character of the S-component, the noise storm component exhibits
stronger time fluctuations. As a consequence of the higher directivity, the radiation is only visible
under special geometrical conditions similar to the intermittent flash of light from a Tight-house.
Therefore, optimal conclusions from noise storm data can be drawn from observations near the central
meridian [cf. also BBhme and Kriliger, 1971]. But at present it seems not yet clear whether the effects
of short-term (day-to-day) variability are due to changes of the ray direction or to changes of the
emitted intensity itself.

A strong source of ordinary circular polarization was very briefly seen on the 20th and 21st of
January. Proposing an origin at the northern solar hemisphere, the sense of circular polarization
was opposite to that which could be expected from the leading spot hypothesis. It should be noticed
that at longer wavelengths the degree of polarization decreased. Especially at 113 MHz there was
not always a close (hourly) correlation between the magnitudes of the fluxes and the degree of polari-
zation.

REFERENCES
BOHME, A. and 1971 Data on Solar-Geophysical Activity Associated with the
A. KRUGER Major Geomagnetic Storm of March 8, 1870, World Data

Center A - Upper Atmosphere Geophysics Report UAG-12,
NOAA, Boulder, Colorado, 71.

SAKURAI, K. 1971 Data on Solar-Geophysical Activity Associated with the
. Major Geomagnetic Storm of March 8, 1970, World Data
Center A - Upper Atmosphere Geophysics Report UAG-12,
NOAA, Boulder, Colorado, 52.
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Table 1

Daily Flux and Polarization Data, Heinrich-Hertz-Institute

Jan. .

1971 9500 3000 1490 510 287 234 113 68 40 MHz
11 297 - 141 99 - - 24 39 63 L < <1
12 292 - 144 103 - 35 27 54 67 L < <1
13 292 - 140 101 1 39 28 51 54 1 70 130 1
14 294 - 152 96 1 32 17 16 32 1 < 170 1
15 295 ~ 148 -1 32 18 21 20 < <0
16 (314)- (=) (101 1) (81) (49) (39) (39 0) (-) (180 0)
17 302 - 15 -0 32 12 8 20 < <0
18 308 1 154 103 1 32 15 9 21 < <0
19 304 1 164 101 1 32 14 14 15 L < <1
20 307 1 158: 122:1 32 22 47 670 L 270 <0
21 301 r 176 109 1 32 29 71 140 L 70 <1
22 298 r 177 109 0 32 12 12 2 1 < <0
23 314 r 183 1140 35 11 10 17 v < <0
24 313 r 174 112 0 32 10 8 2 r < <0
25 305 r 160 111 0 35 15 12 71 < <0
26 307 - 161 104 0 32 10 8 20 < <0
27 309 0 161 104 0 32 10 8 20 < <0
28 307 0 161 104 0 32 11 8 20 < <0
29 306 0 - 123 0 32 12 12 12 v < <0
30 297 r - 121 0 32 12 13 12 v < <0
31 299 0 156 121 1 32 17 20 21 r 70 <r
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Millimeter Wave Spectroheliograms Associated
with the January 24, 1971 Solar Terrestrial Event

by

Larry E. Telford
Air Force Cambridge Research Laboratories
L. G. Hanscom Field, Bedford, Massachusetts 01730

8.6 mm spectroheliograms have been taken on a daily basis (weather and equipment permitting)
since the Summer, 1968. In March, 1971, 20 mm spectroheliograms were added to the daily routine.
The 8.6 mm and 20 mm spectroheliograms are taken concurrently using a dual frequency feed system on
the AFCRL 29-Foot Millimeter Wave Antenna. This submission represents a collection of 8.6 mm
spectroheliograms covering approximately two weeks prior to the event.

The following comments apply to the spectroheliograms presented in Figures 1 and 2:

1. A1l spectroheliogram radio brightness temperatures are to be multiplied by ten,
i. e., 520 = 5200°K.

2. A1l spectroheliogram radio brightness temperatures are antenna temperatures corrected for
atmospheric attenuation but not corrected for antenna pattern effects.

3. The 8.6 mm antenna pattern and radiometer parameters are given in the latest "Solar-
Geophysical Data Descriptive Text".

4. The contour levels for the plotted spectroheliograms are:

Figs. 1 and 2 - 2500°K, 4600°K and up in 200°K increments.

5. The times associated with each spectroheliogram is the time the center grid point was ob-
served. The spectroheliogram observation sequence starts at the upper Teft corner of the
plotted grid and ten seconds are spent at each grid point. The sequence moves from left to
right for each Tine. Using this sequence, the exact observation time for each grid point
can be calculated.

In addition to the plotted spectroheliograms, Table 1 represents the output of a data reduction
computer program which interpolates the original radio brightness temperature grid and searches for
maxima with a fixed set of searching constraints. The table represents ‘the heliographic location
and enhancement, or temperature above the average surface background temperature, for each maxima
found for each spectroheliogram. In reproducing the table, all maxima with enhancements less than
100°K were ignored. Since the input grid data are not corrected for antenna effects, the maxima
locations are not accurate when the region is greater than + 45° from Central Meridian at 8.6 mm.
Within these 1imits, the locations are accurate to = 2° in heliographic toordinates.
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8.6 MM SPECTROHEL IOGRAM

FROSPECT HILL RADIC OBSERVATORY

1820 UY  DRY 17 1871
CONTOURS [N INTERVALS OF 200 DECREES KELVIN

BEGREES KELVIN/10

8.6 MM SPECTROHELIOGRAM

PROSPECT HILL RADIO OBSERVATORY
1638 T DRY 18 1971
CONTAURS IN INTERVALS OF 200 DEGREES KELVIN
DEGREES KELVIN/10

55 85

Figure 1.
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8.6 MM SPECTROHEL IOGRAM

PROSPECT HILL RRDIO OBSERVATORY

1645 UT  DRY 20 1971
CONTOURS IN INTERYALS OF 200 OEGREES KELVIN

BEGREES KELVIN/10

8.6 MM SPECTROHEL IOGRAN

PROSPECT HILL RADIA OBSERVATORY
1827 UT DAY 24 1971
CONTOURS IN [NTERVALS OF 200 DBEGREES KELVIN
DEGREES KELVIN/1Q

Figure 2.
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TABLE |

pay 16 bay 17

JANUARY 16, 1971 1642 UT JANUARY 17, 1971 1920 UT
L, =283°, 8 =-5° L, = 270°, B = -5°

L LAT CMD 8 mm L LAT CMD 8 mm
290 17N o7W 180 K 225 20N L5E 600 K
227 18N 56E 290 K 257 16N 13E 215 K
257 15N 26E 190 K 292 16N 22W 175 K
323 12N Low 170 270 01 00 160 K
265 03S 18E 160 K 284 055 14w 150 K
304 105 21W 150 K 300 075 30W 140 K
Day 18 Day 19
JANUARY 18, 1971 1639 UT JANUARY 19, 1971 1630 UT
L, =257°, B = -5° L, = 24k%, B = -5°

L LAT CMD 8 mm L LAT CMD 8 mm
222 18N 35E 520 K 222 20N 22F 775 K
286 15N 29W 115 K 189 12N 55E 160 K
256 12N 01E 135 K 188 075 56E 240 K
278 015 210 100 K

229 055 28E 150 K

286 055 29 100 K

203 095 5L\ 130 K

67




TABLE | Continued

Day 20 Day 21

JANUARY 20, 1971 1645 UT JANUARY 21, 1971 1540 UT
L, =239°, B = -5° L, = 218%, B_ = -5°

L LAT CMD 8 mm L LAT CMD 8 mm
221 18N 10E 604 K 218 18N 00 970 K
191 12N LOE 220 K 189 1IN 29E 260 K
188 07s L3E 190 K 165 TN 53E 90 K
207 11s 24LE 170 K 189 08s 29E 325 K
Day 24 Day 27
JANUARY 24, 1971 1627 UT JANUARY 27, 1971 1525 UT
L, =178% B = -5° L, = 138°, B, = -6°

L LAT CMD 8 mm L LAT CMD 8 mm
221 20N 43y 623 K 156 HIN 18w 125 K
158 12N 20E 190 K 100 05s 38E 330 K
190 12N 12w 230 K 133 09s 05E 180 K
143 06S 35E 100 K 187 07s Low 100 K
192 08s 14w 365 K
REFERENCES
1972 Solar-Geophysical Data, Descriptive Text, Number 330

{SuppTement), February, 1972, U. S. Department of
Commerce, (Boulder, Colorado, U.S.A. 80302), 21.
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Dynamic Radio Spectra of the Solar Flare of 1971 January 24 2300 UT

by

A. Maxwell
Harvard Radio Astronomy Station, Fort Davis, Texas 79734

During 1971, the solar dynamic radio-spectrum analyzer at the Harvard Radio Astronomy Station,
Fort Davis, Texas, operated over the complete band 10-2000 MHz. Descriptions of the equipment will
be found elsewhere [Thompson 1961, Maxwell 1971]. The receivers in the band 500-2000 MHz were put
into operation in 1970 and are connected to a steerable 85-ft antenna, whose Targe collecting area
permits solar bursts in this band to be recorded at high sensitivity.

The two records of Figure 1 show the radio outburst that was recorded at Fort Davis on 1971
January 24. Type III emission began at 23hr 06min 40sec. Type IV emission was first seen in the
decimeter band at 2310 UT and it then gradually spread to lower bands. A type II burst, with a
clearly recognizable fundamental and second harmonic, commenced in the meter band at 23hr 15min
30sec and was followed by complex bursts with "herringbone" and reverse drift structure that con-
tinued until 2346 UT. The type IV emission continued until sunset at 2355 UT. (At Culgoora, in
Australia, the type IV burst was reported to have continued on the meter band until 0250 UT on the
following day, January 25.) According to the NOAA Monthly Bulletin of Solar-Geophysical Data, the
radio burst was accompanied by a large optical flare that was located at N16 WA9 on the solar disk.
The flare commenced at about 2215 UT on January 24, brightened to reach an importance classification
of 3B at about 2308 UT, and died away at about 0300 UT on the following day, January 25.

REFERENCES
MAXWELL, A. 1971 Solar Phys., 16, 224.
THOMPSON, A. R. 1961 Astrophys. J., 133, 643.
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Radio Burst Observations of 24 January 1971 Solar Proton Flare

by

William R. Barron
Air Force Cambridge Research Laboratories
Bedford, Massachusetts

On 24 January 1971 a 3B solar flare was observed in McMath Region 11128, reaching a maximum at
2331 UT. This flare was the source of energetic particles and subsequent ground Tlevel phenomena.

Radio emission associated with this flare was observed at the Manila Observatory, Republic of

the Phillipines, at discrete frequencies in the 606 - 8800 MHz interval [Hennessey, 1969; Badillo,
1970]1. Table 1 gives data pertaining to the radio burst.

Table 1
Freq. Start Peak Duration Peak Flux Mean
(MHz) Time (UT) Time (UT) (min.) (x10-22/m?/Hz) Flux
8800 2304, 3% 2323.1 28.6% 11900* 4200%
4995 2303.8 2323.2 29.1 7050* 3200*
2695 2303.8 2323.2 29.1 2400* 1200%
1415 2304.3% 2323.2% 28.6% 720* 500%
606 2307.6 2323.2 16.1* 1400* 540*

The data values marked with an asterisk (*) are final values supplied by Reverend V. J. Badillo
of the Manila Observatory. The analog record of the burst is illustrated in Figure 1.
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2695 2400
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SFIR 24-48MHz

POWER FLUX DENSITY ( x 10-32WM-2 Hy -')
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2310UT

GREAT RADIO BURST OBSERVED ON 24 JANUARY [97i
FIG. | AT THE MANILA OBSERVATORY, R.P
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The spectral plot of the peak fluxes of the burst is shown in Figure 2. Also included in the
plot is the 2695 MHz peak flux observed at the Dominion Radio Astrophysical Observatory, Penticton,
British Columbia [NOAA, 1971 a]. This is included to show the agreement between the two observa-
tories. The peak flux spectrum (U-shaped), flux amplitudes, and fiux rise times (>5 minutes) all
bear the characteristics of a solar proton radio burst [Castelli et al., 1967; 0'Brien, 19707.

The Teast squares best fit cubic curve determined from the data values is plotted in Figure 2.
The maximum and minimum of this curve are

Fmax = 8374 MHz, ~ 3.5 cm
F

i

min 1064 MHz, ~ 28.1 cm

The integrated radio burst flux densities, found by multipiying the burst mean flux by the
duration in seconds, are given in Table 2.

Table 2
Integrated Flux Densities
Freguencies x10-1% Joules/m?/Hz
8800 12.9
4995 8.9
4695 4.1
1415 2.5
606 3.0

These integrated flux densities fall into the 10-*7-10-15 Joules/m?/Hz range which is sufficient for
a;ound level proton events to occur [Straka et al., 1970]. The reported riometer absorption at 30
Z was
Godhavn, Greenland 9.7 dB
[Cormier, 1972]
Shepherd's Bay, NWT, Canada "6.2 dB

The 3B flare reached maximum at 2331 UT at a position of N18 W49 on the visible solar disk. The
heliographic longitude of this position was 222.8°. This is in a region of heliographic longitudes
which has a history of producing solar proton flares [Straka et al., 1970; Dodson et al., 1968].

In the 100 - 245 MHz frequency interval, noise storm activity was reported by several observa-
tories [NOAA, 1971 a] during the days just prior to the 24th, on the 24th, and on the 25th until
approximately 14 hours after the flare. The noise storm activity ceased to be observed at 1400 UT
on the 25th and continued to be quiet until 29 January. This decline in solar activity is also noted
in dekameter band activity following the intense type IV and type Il bursts associated with the 3B
flare [NOAA, 1971 b]. No activity whatsoever was reported in the 24 - 48 MHz band by either the
Manila Observatory or Sagamore Hill from 0634 UT on 25 January to 1350 UT on 29 January [Geophysics
and Space Data Bulletin, 1971].

During the period of January 26 - 28 the level of radio burst activity was also quite low in
the 606 - 8800 MHz frequency interval. The lowest level of activity occurred on the 27th. Experi-
ence at the AFCRL Sagamore Hill Radio Observatory has shown that a decrease of activity in this
given frequency range is a characteristic of post-proton flare periods.

Summary

The 3B solar flare of 24 January 1971 occurred in a heliographic region known to be productive
of proton flares. The U-shaped frequency spectrum, peak fluxes, and fiux rise times all met criteria
established as being characteristic of solar proton flares which are accompanied by PCA events. The
reported absorptions of 6.2 dB and 9.7 dB meant that a ground level PCA event had taken place after
the flare. For a period of about 4 days after the flare, radio burst activity was very reduced.
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The Solar Microwave Burst of January 24-25, 1971

by

Haruo Tanaka and Shinzo Enomé
The Research Institute of Atmospherics
Nagoya University

Time histories of the burst as observed at Toyokawa are shown in the Figure, which indicates
comparatively smooth and simple profiles of the burst at four frequencies: 1000, 2000, 3750 and
9400 MHz. Details of numerical values related to this burst are tabulated in Table 1. Within the
observed frequencies the spectrum is characterized by the flux being roughly proportional to the
frequency. Polarization percentages at the time of maximum flux are also designated in the final
column of the Table. Although we have failed to measure polarization at 3750 MHz, the sense of
polarization was probably right-handed at 9400, 3750 and 2000 MHz. At 1000 MHz the sense was
Teft-handed (40%) in the main peak, but in the secondary hump occurring around 2350 UT the sense
reversed to right-handed (20%). We have no spatial information of the burst source in the main
peak owing to the unfavorable time of occurrence for interferometer observations.

Table 1
Date Freq. Starting Time Dura- Type Max. Flux Dens. Polar-
Time of tion ization
Max. 10~ 224m=2Hz~?
dJan. MHz ' uT Min. Peak Mean
24 9400 2304 2322.4 51 C+ 6900 1400 25% R
3750 2303 2324 52 c+ 3540 850 -
2000 2303 2324 57 C+ 1270 390 = 30% R
1000 2304 2322.1 55 C 810 250 40% L
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The STowly Varying Component of the Frequencies of 2695 MHz, 606 MHz and 536 MHz
during the Period of the Proton Flare Events of January 24 and September 1, 1971

by

A. Tlamicha and J. Olmr
Astronomical Institute
of
The Czechoslovak Academy of Sciences
Ondrejov, Czechoslovakia

Because of the observation schedule at The Ondrejov Observatory, the radiotelescopes were not in
operation at the time of the proton flares of January 24 and September 1. Thus, we can say nothing
about the active radio component during the above-mentioned proton flares. Since the slowly varying
component originates from discrete sources that exist in the neighborhood of sunspot active regions,
we therefore try to examine not only the active radio component, but also the slowly varying compon-
ent.

In order to have a richer spectrum, we examined the slowly varying component on the frequencies
of 2695 MHz (Sagamore Hi11), 606 MHz (Sagamore Hil1), 536 MHz (Ondrejov) and 260 MHz (Ondrejov).
The period examined includes December 1, 1970 to December 31, 1971 (see Figure 1). The results con-
firm there is good correlation between the radio flux on the wavelengths mentioned above and sunspot
area [Covington, 1948; Tanaka, 1958].

We have taken into account (see Figure 2) the reduced sunspot area of every group from Solnechnye
Dannye (Moscow) and the definitive relative sunspot numbers for the years 1970 and 1971 (Sunspot )
Numbers, Swiss. Federal Observatory, Ziirich). It appears from the graph that a very high correlation
exists between the flux density on the frequency of 2695 MHz and sunspot area and relative sunspot
numbers. A considerable strengthening of the slowly varying component appears on the frequency of
2695 MHz in the period from January 21 to 24 (Table 1). It agrees very well with the supposition of
the storage of energy before the proton flare.

On the other hand, at the end of August we observed at this frequency a decrease after strong
enhancement (Table 2). The active center of the proton flare by this time had passed from the visible
solar disk 3 days earlier.

Surprisingly, the correlation between the main maxima of sunspot area (and relative sunspot
number) and the maxima of flux density on the frequencies of 606 MHz, 536 MHz and 260 MHz is also
very strong. The base level on 260 MHz is remarkably constant. One observes an extraordinary
enhancement in the period from January 9 to 25 (Table 1). We can say nothing for the second event
since there are no measurements on 260 MHz from August 27-31.

It is conspicuous that in the period before both proton flares the behavior of the component
of radiation on 260 MHz was of the sort that cannot be overlooked. The flux density was enhanced
and the active radio component was manifested by strong noise storms. Such centers of storm radia-
tion can be supposed to be stores of particles of Tow energy escaping from the Sun and coming to the
earth [Bdhme A. and A. Kriiger, 19711. The behavior of the base level components on all mentioned
frequencies and the active radio component on 536 MHz and 260 MHz is presented.

In the Tables 3 and 4 for the noise storms in January and August are given, besides the start-
ing time and duration, also the variability and types of noise storm as classified after Tlamicha
et al. [19641. The noise storms were very intense, particularly on 9, 10, 11 and 12 January 1971
and on August 20-24, 1971. We also examined the active radio component on 9400 MHz, 808 MHz and
536 MHz during January and August at the Ondrejov Observatory. In Tables 5 and 6 the values of the
bursts on the frequencies 9400 MHz and 808 MHz are on a relative scale while the values on the fre-
quency 536 MHz are expressed in units of 10-22um~2Hz-1.
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Table 1
Proton event of January 24, 1971

Daily means of solar radio flux density from January 1 to January 31, 1971

Date 2695 MHz 606 MHz 536 MHz 260 MHz
January 1971  (Sagamore Hi1l)  (Sagamore Hil1) (Ondrejov)  (Ondrejov)
1 125 64 51 10
2 129 63 53 10
3 132 64 53 9
4 135 66 52 9
5 140 67 56 11
6 143 69 48 10
7 147 87 57 12
8 145 72 60 11
9 151 76 76 46
10 148 71 57 27
11 147 77 53 17
12 148 71 49 31
13 143 70 50 23
14 150 74 52 15
15 149 68 56 14
16 158 74 70 27
17 150 68 51 9
18 154 67 54 9
19 161 68 56 12
20 169 68 52 19
21 175 68 52 28
22 176 68 56 9
23 166 68 51 10
24 174 71 57 11
25 164 70 57 11
26 161 65 54 8
27 163 66 51 9
28 163 71 54 9
29 156 68 53 11
30 159 73 52 10
31 170 70 46 18
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Table 2
Proton event of September 1, 1971

Daily means of solar radio flux density from August 1 to September 1

2695 MHz. 606 MHz 536 MHz 260 MHz

Date (Sagamore Hi11) (Sagamore Hill)  (Ondrejov) (Ondrejov)
Aug. 1 101 50 42 8
2 99 48 41 7
3 97 49 43 7
4 96 51 40 8
5 97 48 40 8
6 97 46 41 8
7 95 48 44 7
8 104 47 36 9
9 102 51 38 8
10 100 48 41 7
11 97 49 39 7
12 94 49 43 7
13 94 49 42 8
14 92 49 41 8
15 91 47 40 8
16 91 46 47 8
17 9% 47 a4 8
18 104 50 46 8
19 116 54 48 6
20 131 67 59 24
21 138 70 57 27
22 139 62 59 37
23 138 58 49 37
24 148 65 55 33
25 132 56 48 16
26 126 54 46 9
27 127 55 46 -
28 117 52 47 -
29 104 50 45 -
30 95 48 44 -
31 89 46 43 -
Sep. 1 85 47 43 8
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Table 3

Noise storms at Ondrejov on 260 MHz - January 1971

Date Start Duration Intensity Variability Type
ut Min.
Jan. 4 0820 250 65 0 M weak
6 0820 330 50 0 N
8 0810 340 65 0 "
9 0820 350 85 3 NC
10 0830 370 80 3 NC
11 0810 360 50 3 NC
12 0810 300 65 3 NC
17 0810 350 70 1 M weak
18 0820 340 70 1 M very weak
19 0820 350 80 0 "
21 0810 360 75 2 NC
22 0918 282 100 1 M weak
25 0810 370 40 1 M
29 0820 360 50 1 M
31 0840 320 106 2 NS
Feb. 2 0810 230 >55 1 M
8 0820 360 60 0 M weak
9 0830 360 60 1 M weak
17 0910 340 >60 1 M very weak
19 1010 240 100 1 M very weak
27 0650 490 >40 1 M
Table 4
Noise storms at Ondrejov on 260 MHz - August 1971
Date Start Duration Intensity Variability Type
uT Min.
Aug. 5 0939 141 60 1 NB
19 1007 .5 200 30 0 M
20 0600 580 >130 2 ND
21 0640 530 > 95 2 NC
22 0620 430 >120 1 NC
23 0610 560 50 2 NC
24 0610 560 50 2 NC
27 1234 61 110 ? M
Sep. 5 1310 130 50 No class.
No class.
6 0625 525 75 1 NB
7 1100 520 70 1 ND
8 0630 450 60 1 ND
9 <1109.5 241.5 50 1 NC
10 0640 320 65 2 M
11 1050 210 50 0 M
14 0650 500 45 1 NS
16 0808 79 65 1 NB
24 0740 140 35 1 M
28 1308.5 121.5 75 0 M

Group of bursts
Noise storm in progress
Complex
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Table 5

List of extraordinary events at Ondrejov during January 1971

Date Start Duration Intensity
ut Min. 9400 MHz 808 MHz 536 MHz
Relative Relative 10-22Wm~2Hz-?!
units units
14 1121 9 >4.1
1123 9 >2.6
1121 9 235
21 1318 11 1.7
1319 1.8
1320 70
22 1105.5 8.5 1.8
1106 >14 >2.8
1106 >14 >120
23 1252.5 2.5 235
25 0927.5 10 180
26 1327 3 1.6
1327.5 2.5 60
Table 6
List of extraordinary events at Ondrejov during August 1971
Date Start Duration Intensity
uT Min. 9400 MHz 808 MHz 536 MHz
ReTative Relative 10-Z%Wm~ZHz-!
Units Units
8 1154 1.5 1.3
1214 5.5 1.2
1157 2 1.2
1209 4.5 1.3
21 0933.5 3.5 1.6
0934 3.5 2.3
0934.5 0.5 190
22 0750 8 3.8
0750 8 2.0
0747 28 >260
23 0943 3 1.9
0943 7 2.0
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In conclusion, we can say that we propose the possibility that the big storms before proton
events may be an indication of the storage of energy manifested by the proton events of January 24
and September 1, 1971.

The authors wish to thank Dr. L. Krivsky, from whose initiative this work was begun and for his
valuable suggestions during the preparing of this paper.
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Dekameter Burst of 24 January 1971

by

V. L. Badillo
Manila Observatory
P, O, Box 1231, Manila

Philippines

The solar dekameter burst accompanying the Ground Level Event (GLE) of 24 January 1971 is
shown in Figures 1 and 2 as recorded by the Swept Frequency Interferometer Radiometer (SFIR) at
Manila about one hour after local sunrise., The instrument has two outputs: (1) one showing the flux
integrated over the spectral band 24-48 MHz and permitting a measurement of intensity variation as in
Figure 1, and (2) a dynamic spectrograph as in Figure 2 permitting identification of the type of burst,
among other things. Data in the dekameter band provides information on activities and conditions in
the sun's upper corona.

The envelope of the total flux curve shows three main maxima, A, B and C, each of which
show fine structure. A rather striking symmetry is indicated whose physical significance is still to
be found. The spectrograph shows type IV radiation on which are superposed type II and type III bursts.
Change in intensity is also indicated in the spectrograph by intensification of fringe pattern, fringe rever-
sal (brought about by a clipping circuit when saturation is reached) and fringe washout (due to saturation
of the IF circuit). A close correspondence can be seen between the fine structure of the total flux curve
and the events depicted in the spectrograph,

The dekameter burst has a more impulsive character than the cm bursts, also recorded at
Manila, Bursts 1, 2 and 3 in the main maximum A can be identified as a type III followed by two type II
bursts with drift rates of 0.25 and 0.20 MHz/sec respectively. These bursts can be interpreted as
manifestations of streams of energetic electrons moving radially outward and exciting successively lower
frequencies. The three bursts would then represent three streams, the fastest being followed by success-
ively slower streams, Burst 3 does not seem to be a harmonic of burst 2. Clouds of relativistic electrons
are responsible for the type III burst. Using the Baumbach-Allen model with electrof densities increased
by a factor of 10 (for coronal densities above an active region) the velocities of the electron clouds respon-
sible for bursts 2 and 3 are of the order of 2000 km/sec.

The dekameter burst is very evident starting at 2320,5 UT, but faint traces can be discerned at
2316 in the spectrograph and as early as 2304 in the total power curve, which is about the start time for
the cm burst. The GLE of 24 January 1971 is thus accompanied by type IV radiation from the cm to deka-~
meter bands, Hopefully the data from the dekameter burst may help to a better understanding of the
mechanisms responsible for Ground Level Events.

We thank the following: J. P, Castelli and J. J. Hennessey for their encouragement, J. E,
Salcedo for careful measurements and Air Force Cambridge Research Laboratories for supporting this.
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Culgoora Radioheliograph and Spectrograph Observations of
the Event of 1971 January 24

by

A.C. Riddle and I.D. Palmer
Division of Radiophysics, CSIRO, Sydney, Australia

The event of 1971 January 24 was observed at Culgoora, in its
entirety with the 8 MHz to 8 GHz spectrograph and from 23016M30S
U.T. by the 80 MHz radioheliograph. Sections of these data have
been utilized in two papers [Riddle and Sheridan 1971; Palmer et
al. 1972], published elsewhere and reproduced below in this UAG
report.

Riddle and Sheridan [1971] described briefly the observations
and gave a model for the sources seen in the late phase of the
event. A feature of their model was the postulated injection of
electrons, with energies in the 50 to 500 keV range, on to the
interplanetary field lines over the period 00h to o4h U.T.

Palmer et al. [1972] related the radio data to the initial ac-
celeration of mildly relativistic protons and electrons and their
subsequent injection on to interplanetary field lines. Here we

add a more detailed coEparison of spectrum and heliograph records
in the early phase (23%16™ to 23047M) to facilitate comparison with
other data. In the process of this comparison more definite as-
sociations have been made between features on the spectrum and
radioheliograph data.

The Culgoora spectrum for the early phase is shown in
Figure 1(b). The flux of each radioheliograph source seen during
the same period is shown in Figure 1(a). 1In the analysis which

follows use was also made of a spectrum kindly provided by Dr.
Alan Maxwell from the Harvard, Fort Davis, Observatory which
enabled us to determine spectral details in areas where the
Culgoora record is obscured by saturation.

The positions of the heliograph sources, derived from
computer analysis, are shown in Figure 2, where an indication
of the time of occurrence is given for the moving sources.

The fundamental emission from the first type II event
was seen only briefly at 80 MHz and the high-frequency component
of the split band was responsible for source A. The lower-
frequency component of the harmonic split band was responsible
for source B, which appeared to move with a projected speed
comparable with that of the shock causing the type II event
[Riddle and Sheridan 1971]. However, source C, which cor-
responds to the high-frequency component of the harmonic of
the first type II, was almost stationary, as are many type II
sources observed with the radioheliograph.
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FLUX (ARBITRARY UNITS)

REQUENCY { MHz)

Fig.

2 Positions of peak brightness for 80 MHz sources

23hogm

23h3m 23h4gm

u.T.
The early phase of the event of 1971 January 24.
(a) Computer-derived 80 MHz flux values for each radio-
heliograph source plotted on a logarithmic scale in
arbitrary units. Unless sources present simultaneously
have similar flux values only the strongest source 1is
recorded. Dashed profiles indicate missing data.
Positions for the sources are shown in Figure 2.

(b) The radio spectrum, 8 MHz to 8 GHz.
(After Riddle and Sheridan. 1971.)

during the early phases of the event of 1971
January 24. Points are plotted for every half-
minute during the time a source was continuously
visible and the %ashed lines indicate the time (in
minutes after 23%00™) at which the source was at

a particular position.
(After Riddle and Sheridan, 1971.)
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The continuum or type-V-like feature (which includes
repeated tyge IIT events on the Harvard spectrum) commencing
at 23020M305 corresponded to source D, ﬁhe positiﬁn of which
changed continuously over the period 23%20™ to 23%27M, as
though influenced by the first shock front [Riddle and Sheridan
19717. Oﬁly the haﬁmonic of the second type II passed through
80 MHz (23%26™ to 23%27™) and was responsible for the final
brightening of the source D. Later portions of the second
type II event possibly were represented by source E, although
both E and F appear also to be related to the continuum from
23128™ onwards. Both E and F are moving sources and are
apparently 80 MHz manifestations of the shock wave responsible
for the second type II event. Driftﬁng featureﬁ seen on the
spectrum passing through 8ﬁ MHz at, 23%35M and_ 23%38M and
herringbone features at 23032Mm 23h3gM 5nd 23h45M caysed
enhancement of sources E or F without any obviouﬁ change in
their position. The source J corresponds at 23728M to a
drifting feature visible on the Harvard spectrum and probably
gives evidence of northward propagation of the shock fronts.
The source H became highly polarized towards the end of the
early phase and persisted as a storm source for many hours.

It is the only source common to both the early and late phase
of the event.

Overall the spectral and radioheliograph data for the
early stage of the event can be related well to ﬁ double ex-
plosive event having one flash phase at about 23%09™ and
another at about 23720™M, each with a resultant shock front.
The moving radioheliograph sources can be related directly to
one or the other of two shock fronts, which apparently propa-
gate in quite different directions. In the case of sources E
and F emissions represented by a wide variety of spectral
features originate within, or close to, the second shock front;
in the case of D there is distinct evidence of electrons ac-
celerated in the second flash phase interacting with the shock
wave produced by the first flash.
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Solar Radio Observations of the Proton Event of 1971 January 24 *

by

I.D. PALMER, S.F. SMERD AND A.C. RIDDLE
Divisjon of Radiophysics, CSIRO, Sydney

On 1971 January 24 a 3B flare at 18°N., 49°W. was associated with the acceleration of protons to
relativistic energies; it was one of the rare events recorded by ground-level neutron monitors. Ex-
cellent radio coverage was obtained with single-frequency radiometers in the range 1000-9400 MHz,
and at Culgoora with the 8-8000 MHz spectrograph and the 80 MHz radioheliograph. At the Earth rela-
tivistic protons and electrons arrived very promptly from the flare, whose site was near the foot of
the nominal interplanetary field line which connects to the Earth.

In this paper we relate the time sequence and the positions of the solar radio bursts to the
times and places where the energetic particles were accelerated and injected on to interplanetary
field 1ines. This is the first time that an analysis of such an event has used the positions of the
radio bursts in the corona. We show from the radio data that there were two separate explosive
events, identified by two flash phases, which occurred %10 min apart. Both explosions gave rise to
a coronal shock wave, and these propagated away from the flare site in markedly different directions.
The microwave observations indicate that particle acceleration to relativistic energies was associated
with the first event, while the subsequent particle release, as deduced from cosmic ray data recorded
near the Earth, occurred during the second event. We propose that the shock wave of the first event
was responsible for the acceleration of the relativistic particles and that the shock wave of the
second event enabled their release on to interplanetary field Tines which connected to the Earth.

RADIO OBSERVATIONS

The radio spectrum recorded at Culgoora during the 1971 January 24 event has been discussed by
Riddle and Sheridanl (see their Figure 1). Two type II bursts (both showing fundamental and harmonic
structure) appeared at 23"16™ and 23M25M Their frequency drifts imply the release of shocks from
near the surface of the Sun at 23h10M and 23h20m, respectively. We take these times as defining those
of two flash phases in this double event.

h In the case of the first flash phase this interpretation is supported by the observation at
23N10M of the initial impulsive rise at the_microwave frequencies (see below), and of the 0.5-3R8

hard X-ray burst between 23h04m and 23"12M.2 The absence of type III bursts suggests that the ac-
celerated sub-relativistic electrons were magnetically confined low in the corona. The identifica-
tion of the second flash phase is supported by several fast-drift bursts which accompanied the

sudden onset at 23h20M.5 of a broad-band metre-wave continuum, probably of type V.1l The absence of

a distinct impulsive microwave burst suggests that the sub-relativistic electrons did not have access
to the low corona.

. The microwave single-frequency traces recorded at Toyokawa.at frequencies of 9400, 3750, 2000
and 1000 MHz, and reproduced here by courtesy of Dr. H. Tanaka, are given in Figure 1. The 80 MHz

flux density is shown for comparison. The ippulsive first flash-phase burst at 23h10m was followed
by a much larger outburst which peaked at 23M23M: both can be regarded as part of the first event,

and distinct from the second event, which begins with the second flash.

The 80 MHz positional data obtained from the heliograph,l as summarized in Figure 2, shows the
envelopes of the brightest points of the first type II burst (A, B and C), the continuum (D), and
the second type II burst (D, E and F). Source movement is indicated by an arrow within the envelope.
Notice that the 80 MHz source positions indicate that the two shock waves travelled away from the
flare site in approximately orthogonal directions.

SOLAR COSMIC RAYS

The recording of this event by neutron monitors indicates that protons with energy of ¥l GeV
first arrived at the Earth at 23h35M.2 Subtracting their theoretical transit time over 1.3 A.U.
suggests that they were injected at the Sun into the interplanetary field at 23N123M. This figure
is based on the assumption that the first particles to reach the Earth had suffered negligible delay
due to scattering, and therefore were effectively collimated (pitch angle #0°) along the diverging
spiral interplanetary field.

In this event spacecraft observations near Earth also revealed the presence of mildly-rela-
tivistic electrons. When interpreted simjlarly to that above, the onset times of the 0.3-0.9 MeV
and >80 keV electron events, viz. 23033m,4 and 23M41Mm,5 fmply injection times of 23h21™M and 23h25M,
respectively.

In order to test whether any appreciable diffusive delay (due to scattering in the interplane-
tary medium) might be inherent in the transit time of the first-arriving particles, a simple isotropic

*cditor's Note: Permission has been received from the authors and editors of the Astronomical
- Society of Australia to reprint this article.

89




diffusion model (with diffusion coefficient independent of radial distance from the Sun) was employed
to fit the rise of intensity of the proton event as recorded by the Alert neutron monitor.6 The best
fit implies an impulsive injection at 23h22m with an error of a few minutes, and is thus in good
agreement with the values above derived from transit times. We conclude therefore that the injection
at the Sun of mildly-relativistic protons and electrons occurred between 23h20M and 23“25m, i.e.
during the decay of the microwave type IV burst as shown in Figure 1. {Note that particle injection
times are shown delayed by 8 min to agree with the radio observations.)

1971 JANUARY 24-25
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Fig. 1. Flux density profiles obtained from
Toyokawa for the event of 1971 January
24-25 at frequencies of 9400, 3750,
2000 and 1000 MHz. The 80 MHz profile
from the Culgoora heliograph is also
given, and the peaks are labelled by
their positions in Figure 2. The two
flash phases and the period of cosmic
ray injection are also indicated. The
cosmic ray injection is shown 8 min
after the time at the Sun, since all
the other times refer to the.arrival of
electromagnetic radiation at the Earth.

CONTINUUM
[SECON)
FLASH

TYPED

Fig. 2. Radioheliograph positions at 80 MHz of various
radio bursts in the event of 1971 January 24-25,
superposed on the Boulder sunspot map.
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DISCUSSION

We now interpret these pieces of evidence in terms of the acceleration, storage and release of
relativistic particles in this event (with the particle injection time still delayed by 8 min).

The rise of the microwave type IV burst is evidence of gradual particle acceleration from
23h16m to 23h23m (see Figure 1). It is likely that during this time protons as well as electrons
were accelerated to relativistic energies perhaps as a consequence of some form of wave-particle
interaction associated with the first shock. If the peak in the microwave outburst at 23h23m
signifies the end of particle acceleration, this leaves 5-10 min before the relativistic particles
were injected on to interplanetary field lines which connected to the Farth. The injection time,
8-13 min after the second explosion {at 23h20Mm) is near the time at which the second shock wave
reached the upper corona. We propose that the second shock wave, by virtue of its quite different
direction of travel relative to the first, released the energetic particles (which had been trapped
during their acceleration) between H, D, E and F (Figure 2). The particle release may have culmin-
ated, at about 23N28M, in a 'bursting' of the magnetic trap due to the expanding hot gas behind the
second shock. (A similar interpretation was placed’ on another event in which the 'bursting' of the
condensation was detected by coronagraph observations.) Those relativistic particles released from
the magnetic trap on to field lines that connected with the interplanetary field high above equa-
torial regions near longitude 50°W. should have found a direct magnetic connection to Earth.

The radio records were examined for indications of the release of mildly relativistic electrons
in the corona at this time. The only possible evidence is a fairly sudden enhancement in continuum
radiation which spans the frequency range between the fundamental and the harmonic of the second
type II burst (20-150 MHz).

Riddle and Sheridanl described several moving sources appearing some hours later in this event
and stretching to the west of region H (see Figure 2) in the form of a jet. They attributed this to
the escape of mildly-relativistic electrons along a streamer above H. This streamer would serve as
a suitable escape route for the cosmic rays observed at the Earth.

Figure 3 illustrates a model of the three phases of the particle acceleration and release de-
scribed above.

The authors would Tike to thank Dr. H. Tanaka for providing the microwave records from Toyokawa,
and Dr. G. M. Simnett and Dr. R. P. Lin for the onset times of the 0.3-0.9 MeV and >80 keV electron
events, respectively.
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Fig. 3. Illustrating the model of the acceleration
and release of energetic particles:

(a) The coronal magnetic field configurg-
tion at the first flash phase at 23710M
showing the flare (X) below closed Toops
of strong field, but with open field
1ines nearby.

(b) The situation at the time of the second
flash phase at 23h20M, showing the trapped
particles (shaded loop) accelerated behind
the first shock wave, and the appearance
of the continuum and associated fast drift
bursts in the 80 MHz region D.

(¢) The bursting of the magnetic trap behind
the second shock wave at ~23h28m, Energetic
particles are released towards the Earth.
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Reprinted from
Proceedings of the Astronomical Society of Australia
Volume 2, Number 1, pages 62-65, Fuly 1971

Evolution of a Jet-like Structure in the Late Phase of a Complex Solar Outburst *

A. C. RiopLe anp K. V. SHERIDAN
Division of Radiophysics, CSIRO, Sydney

A new feature in the form of a jet formed by close juxta-
position of a number of highly polarized, separately resolved
80 MHz sources was observed as the late phase of a very
complex outburst on 1971 January 25. We present here a
source model which, we think, can explain the observed
source properties. The early phase, also complex and
involving numerous moving sources, will be described
first.

THE EARLY PHASE

(a) Observations other than radio

A flare of importance 2B was observed! to start at
position N.19°, W.49° in McMath region 11128 on January
24, 23009m U.T. The maximum intensity of the flare
was at 23116™, and by January 25, 00h24m the flare was
over. A distinctive feature of this region was a row of
five large sunspots formed by coalescence of previously
separate regions and extending over some 20° in longitude
between latitudes 17° and 19°N. The magnetic-field
distribution at the surface was correspondingly complex.

The event was accompanied by a large solar proton
burst detected at ground level by neutron monitors.

An intense solar X-ray burst was also recorded, between
0.5 and 20 A, by the Explorer 37 satellite.!

(b) Radio observations

The event was recorded from its beginning by the 8 MHz
to 8 GHz Culgoora radiospectrograph. The intense
activity began at 23h15m308 with the sudden onset of the
first type II burst (see Figure 1 (¢)*). After 23020™ a
more intense continuum burst appeared superimposed on
this type II burst. A second type II burst commenced
at about 23125m, These intense emissions, characterizing
the early phase of the event, finished at about 23147m,

Observations with the 80 MHz radioheliograph? com-
menced at 23816m308 U.T.—near flare maximum but
just prior to the major radio emissions at 80 MHz (see
Figure 1 (a)). For the next 30 min a multitude of sources
provided a spectacular radioheliograph display. Figure 2
(a)T shows a number of individual sources which, on the
whole, moved outward from a central point (the flare
centre); in part the morphology is reminiscent of previously
reported arch structure.** The positions of the peak
brightness of these sources are plotted in Figure 3 for the
intervals during which the sources were observed, as
shown in Figure 1 (b).

(c) Discussion

The first type II event shows split-band fundamental
and harmonic radiation. From the spectrum we derive a
starting time for the initiating disturbance (presumably a
shock wave) of 23h07m, close to the starting time of the
flare, and a radial velocity of ~1200 km/s. Source A
(Figures 1 (b) and 3) is the source of the upper-frequency
band of the fundamental radiation, while source B accounts

*Editor's Note:

this article.

Figure 3. Positions of peak brightness for 80 MHz sources
during the early phase of the event of 1971 January 24,25,
Points are plotted for every half-minute during the time a

source was continuously visible (see Figure 1 (b)).
All points representing the same source are enclosed by a
line and identified with a letter. The arrows show the
direction of motion of each source. The large circle repre-
sents the solar photosphere and X the site of the flare at
N.19° W.49°.

for the lower band of the second harmonic radiation. A
line joining sources A and B is approximately normal to a
radius through the flare centre, a relationship which has
been previously noted.® The identification of source C is
uncertain; it may be that of the upper band of the second
harmonic. The projected velocity of source B is
~21000 km/s, which, on the assumption of radial propaga-
tion, gives a source velocity of ~~1250 km/s, in good agree-
ment with the velocity derived frorn the spectrum.

The harmonic radiation of the second type II burst
appears as source E, which moved at a projected velocity
of 950 km/s. From the spectrum we derived a radial
velocity of ~2000 km/s and a starting time of ~23h20m
for the initiating disturbance. This was also the start-
ing time of the metre-wave continuum burst (possibly
of type V) identified as source D. The common starting
time suggests a possible connection between these two
bursts. This could be another explosive flare phase
resulting in the ejection of fast electrons and a much slower
shock front. The former could be responsible for the
continuum burst when crossing the shock front of the
first type II burst; the latter could become the source of
the second type II burst. No distinct optical event has
been reported at that time.

The radioheliograph sources F to J are not clearly
related to any distinct features on the photographic

*See Plate III.
+See Plate IV.

Permission has been received from the authors and Journal to reprint
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Figure 2. Selected 80 MHz 1-sec.
heliograms for the event of 1971
January 24/25.

(a) The early phase of the evént.

(b) A sequence of sequential brighten-
ings in the late phase.
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spectrum; photometric analysis of the spectrum may lead
to further identifications.

The early phase of the event shows features and raises
problems already mentioned in other papers® and no new
hypotheses will be presented here other than the suggestion
above of a possible connection between the continuum
burst at 23820™ and the second type II burst at 23025m,

THE LATE PHASE
(a) Observations

After 23247M the spectrum at frequencies near 80 MHz
showed much reduced activity with weak type IV con-
tinuum emission, type I and occasional type III bursts.
On the heliograph up to four sources were visible at any
one time. These sources were positioned close to a line
running west from the centre of the disk (see Figure 2 (b)).
Most sources were moving farther west with time. This
new type of structure will be referred to as the jet. There
were no reports? of significant optical activity.

The positions of peak emission of heliograph sources in
the jet were calculated up till the cessation of observation
on January 25, 04h00m, The east-west coordinate of
these positions is plotted in Figure 4 as a function of time.
While only four sources were apparent on the heliograph
at any one time, Figure 4 shows that at least seven sources
existed at different times. Five of the sources were moving
with velocities ranging from 50 to 200 km/s. Except
for source 6 the moving sources could have originated from
a common position between the two stationary sources (1
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1 1 b 1 1 1 ) H
23%00™  od’o0™  oTo0™  02'00™  o3'00™ o4 oo™
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Figure 4. Source positions west of the centre of the Sun

as a function of time during the late phase of the event of
1971 January 24/25. Symbols such as N3 show the north-
south position coordinate in minutes of arc. Two type II1
bursts are indicated by &).

and 2) at the time of flare commencement. The degree of
L.H. circular polarization of the sources 1, 2 and 4 to 6
was consistently 80-909,, whilst that of source 3 increased
from an initial value of ~40%, to about 80%, during the
period 23135™ to 00M00™ U.T. Source 7 was too weak
relative to the other close sources for reliable polarization
measurements, and both type III sources at 01h35m and
03h30™ were unpolarized.

Ionospheric refraction was apparently quite constant
during the existence of the jet as most sources maintained a
steady north-south position within 2’ arc. The source at
8" W. also maintained its east-west coordinate within 2’ arc.

(b) Analysis
On viewing the heliograph film at speed the authors
noted a number of occasions on which the sources in the
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jet seemed to brighten in succession from east to west.
The brightenings typically doubled the flux density of each
source in turn; each brightening lasted for one or two
seconds and the sequence took a7 sec to complete. One
such occurrence is shown in Figure 2 (b) in which all four
sources brightened. On other occasions only three of the
sources brightened. In the period 01255m o 02h25M, for
most of which suitable data were available, there were
three occurrences of four sources brightening in sequence
and eight when only three sources brightened.

Assuming the sequential brightenings to be a real
effect, we calculated the projected velocity of the causal
agent. Velocities of 0.4c to 0.6¢ (c is the velocity of light)
are typical of the 11 cases. The true velocity will be greater
than the projected velocity by an amount depending on the
geometry.

We tested for coincidences between jet source brighten-
ings and type III bursts to see if the energy range of the
jet source electrons (100 keV) extended down to typical
type III values (~~40 keV). Only two out of seven weak
type III events corresponded in time with brightenings.
There is certainly no close association.

(¢) Discussion

The radiation mechanism for the moving sources in the
jet is presumably synchrotron radiation (in the x-mode),
since most of the sources occur at positions far above the
80 MHz plasma level. The high degree of polarization is
compatible” with the mildly relativistic energies of the jet
source electrons; it also requires small viewing angles with
respect to the magnetic field and would favour anisotropic
and asymmetric pitch angle distributions.  Since all sources
are of like polarity it is probable that the electrons are
travelling along open field lines.

10 20° 30’
T T 1 W

To Earth

Figure 5. A model of the magnetic field for the event of
1971 January 24/25. The view represents a cross section
through the active region in a plane parallel to the equatorial
plane. The photosphere is seen as a full line quadrant,
the 80 MHz plasma level as a dashed curve, the neutral sheet
as a dash-dot line, and X marks the site of the flare. Possible
stationary sources are denoted by S1 and S2 and a moving
source by M. A view in a higher, or lower, plane may show
a different moving source.




The stationary sources are probably continuum storms
radiated at the plasma level (in the o-mode). Since they
have the same (L.H.) polarization as the moving sources
the magnetic fields through the stationary and the moving
sources must have opposite line-of-sight components.

For the moving sources we hypothesize a disturbance
moving outward along the very extended neutral sheet in a
helmet structure above the unusually long sunspot group.
The disturbance, which could be a plasmoid ejected by
the flare or a loop retracting outwards after reconnection
of field lines in the neutral sheet, travels with the local
Alfvén velocity. Energetic electrons moving on field lines
close to the neutral sheet see the disturbance as a bulging
region of higher magnetic field. The higher field, and
perhaps also the wider range of possible viewing angles,
result in the observer seeing much enhanced radiation over
that from other points on the electrons’ trajectory. This
radiation would correspond to a moving source. Brighten-
ings of the source are the result of extra electrons with a
narrow range of velocity. In order that the brightenings
occur with the observed timing the electrons must have
energies >50 keV. On the high-energy side, electrons
with energies >500 keV would have increasingly directive
radiation patterns and may escape observation.

The differing velocities of the moving sources make it
unlikely that they follow the same path. In view of the
complex nature of the magnetic field in the spot group it
is possible that several disturbances, or different parts of a
broad disturbance, could be propagating seemingly indepen-
dently in different parts of the neutral sheet. The various
projected velocities could arise from different Alfvén
velocities (due to differences in the local magnetic field
and electron density), or from differing directions of motion.

One such moving source (designated by M) is illustrated
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in Figure 5. The solid lines represent the magnetic field,
viewed from the north pole, in a section parallel to the
equator through the region of most intense magnetic field.
Also marked on the solid lines by S1 and S2 are the positions
at which continuum storms could exist. It is suggested
that S1 corresponds to the heliograph source 1 and that
source 2, which is also stationary, could be either S2 or a
moving source travelling directly along the line of sight.

For the type III bursts which occurred during the jet
phase to be visible to the west of sources 1 and 2, as observed
(see Figure 4), the plasma level in the region where the
type III bursts originated must be considerably higher
than in the section shown, or the bursts could be harmonic
radiation from the 40 MHz plasma level. Both are possible
in the present model.

The injection point of electrons must be situated so as
to excite any or all of the sources. A position near the
photosphere below S1 is a suitable point. Which sources
would be excited by a particular group of electrons would
depend on the combination of lines along which the electrons
gere injected into the complex network of closed and open

elds.

The model outlined above appears to account at least

qualitatively for all the significant observations.
The authors wish to thank Miss Marie McCabe (University
of Hawaii) for her generosity in supplying optical data,
the staff of the Culgoora Observatory, and Dr S. F. Smerd
for his valuable contributions.
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Radio Bursts Associated with Solar Proton Flare on January 24, 1971

by

Kunitomo Sakuraf
Radio Astronomy Branch
Laboratory for Extraterrestrial Physics
NASA/Goddard Space Flight Center
Greenbelt, Maryland 20771

1. Introduction

Solar flares which produce high-energy particles, so-called solar cosmic rays, generally
accompany radio bursts of spectral type IV. It is known that the microwave component of these
bursts is a good indicator of the generation of high-energy particles in solar flares [e.g., Kundu
and Haddock, 1960; Sakurai and Maeda, 1961].

In this paper, we will consider some characteristics of solar radio bursts as obtained by
satellite and ground-based observations on January 24, 1971. In case of the solar flare on
January 24, 1971, the result of decametric radio bursts as observed at the Clark Lake Observatory
only will be shown.

2. Radio Bursts at Decametric Frequencies on January 24, 1971

The solar flare which produced solar cosmic rays occurred at 2307 UT on January 24, 1971. 1Its
lTocation was N19 and W50 in latitude and Tongitude, respectively. Type II and IV radio bursts at
decametric frequencies were associated with this flare as shown in Figure 1. These were observed at
the Clark Lake Observatory. Type II and IV radio bursts at these frequencies started at about 2316
and 2324 UT, respectively. Thus, about ten minutes after the start of the flare, these radio bursts
started.

3. Discussion

It is known that intense emission of type IV radio bursts at decametric frequencies is a good
indicator of the occurrence of solar proton events [e.g., Sakurai and Kita, 1966]. In the case of
the January 24, 1971 event, an intense decametric burst was observed as shown in Figure 1. Although
the data on high frequency radio emission are not available, this burst may have been accompanied
by intense type IV radio bursts at microwave and decimetric frequencies.

4, Acknowledgement

I would Tike to thank Dr. R. G. Stone and Dr. J. Fainberg for their supply of the valuable
data on solar radio emission for this event. Comments by Dr. J. Fainberg are appreciated.
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4. SPACE OBSERVATIONS

Solar X-Ray Emission on January 24-25, 1971

by

D. M. Horan, R. W. Kreplin, and R. G. Taylor
E. 0. Hulburt Center for Space Research
Naval Research Laboratory
Washington, D.C. 20390

The records of solar X-ray emission obtained by the Naval Research Laboratory's SOLRAD 9
satellite (Explorer 37, 1968-17A) on January 24 and 25, 1971 are shown as Figures 1 and 2. The top
curve on each plot represents the solar X-ray energy flux in the 8 to 20 R band. In both cases, a
gray-body solar emission spectrum [Kreplin, 1961] with a 2 x 10° °K color temperature was assumed in
converting from ionization chamber current Tevels _to energy flux units. The third curve from the
top represents solar energy flux in the 0.5 to 3 & band based on a gray-body emission spectrum with
a 10 x 10° °K color tﬁ perature for. theé emitting solar region. The curve is quite intermittent
because the 0.5 to 3 A _solar energy flux is usually below the threshold level of the detector.

The X-ray emission is plotted in units of ergs/cm*sec on a logarithmic scale. The abscissa is
Tinear with the integers denoting hours in Universal Time (UT). Charged particle interference with
the X-rays sensors, which can cause the plotted flux values to be higher or- Tower than the actual
flux, is indicated by the Towest data curve. The jonization chamber current caused by the charged
particle background is digitized and recorded as a "count." The number of "counts" plotted is
linearly related to the current generated in the 0.5 to 3 & fonization chamber by penetrating
charged particles when the detector is facing away from the sun. Counts of 10 %o 15 indicate
negligible particle interference. Counts of 20 to the maximum value of 127 indicate significant
particle interference. The data processing computer program inhibits the plotting of data obviously
contaminated by particle interference, and this feature causes randomly spaced data gaps of 30
minutes duration or less.

~ In Figure 1, the record of solar X-ray emission in the 1 to 8 A and 8 to 20 R bands shows a high
background but virtually.no flare activity between 0000 and 1150 UT on January 24, 1971. Between
1150 and 1706 UT there were several minor flares; the largest of which may have occurred during the
1418 to 1453 UT darkness interval.

After 1706 UT, the flare activity increased significantly in both frequency of occurrence and
magnitude of X-ray emission. This period of increased activity produced three Class M flares which
reached peak emission in the 1 to 8 & band at 1729, at 1820, and sometime after 2049 UT; and
culminated in the large, Class X, proton flare which saturated all three SOLRAD 9 sensors and reached
a peak flux Tevel between 2323 angd 2347 UT. (NOAA's_Space Environmental Services Center has defined
a flare whose flux in the 1 to 8 A band exceeds 1 x 10”% ergs/cm®sec to be a Class M event, and a
flare whose flux exceeds 1 x 10! ergs/cm®sec to be a Class X event.) The decaying emission from the
Class X flare continued at a sufficiently high level to mask any minor flare activity for several
hours into January 25, Figure 2. From 1000 UT until the end of the day on January 25, the record of
solar X-ray emission shows a high background level with ng flare activity. The periodic increases
in the plotted X-ray level for the 0.5 to 3 & and 1 to 8 A bands between 0300 and 1120 UT, and the
apparent decrease in the 0.5 to 3 & level at 0125 UT are certainly charged particle effects in the
detectors, and probably due to high energy protons emitted by the proton flare rather than particles
trapped in the Earth's magnetic field.

REFERENCES
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IMP_V Observations on the Solar Flare Particle Events
of January 24 and September 1 of 1971

by

M. Van Hollebeke, J. R. Wang, and F. B. McDonald
NASA, Goddard Space Flight Center, Greenbelt, Maryland

Introduction

Detailed observations of the solar particle events of January 24 and September 1, 1971, were made
with the Goddard Cosmic Ray Experiment on IMP V. These were among the larger events of the current
cycle. Both exhibited a rapid rise and a Tengthy decay that extended over a three-week period.
Detajled examination of the arrival times, and proton/alpha ratio, however, show important
differences.

The detector system provides spectral information on 0.5-20 Mev electrons, and 1-80 Mev/nucleon
proton and helium nuciei. In particular the experiment is designed to study both galactic and solar
cosmic rays and therefore gives rather precise onset times for the various energy intervals. Table 1
gives the particle onset times as well as some solar parameters associated with the two flare events.

Table 1. Details of the Flares

Event
Jan. 24, 1971 Sept. 1, 1971
Particle Onset
near Earth (U.T.):
0.5-1 Mev electron -- 2333 + 3 2002 *9
19-80 Mev proton -- 0001 + 3 (Jan. 25) 2055 + 3
4-19 Mev proton -- 0031 + 3 (Jan. 25) 2130 + 3
Flare:
McMath Plage -- 11128 11482%
Class -- 3B
Position -- N19W49 ~$120120"
Ho (U.T.)
Start -- 2300
Max. -=- 2320
End - 0020 (Jan. 25)
Type II onset (U.T.) -~ 2316 1934
e -
Typ TV onset (U.T.) 23;8 1937
2-12 & X-ray (U.T.):
Onset -- 2307 1930
Max -- 2329 2009
Remark -- Strong Weak
Geomagnetic Activity:
Onset SC (U.T.) =-— 0430 (Jan. 27) 1645 (Sept. 4)

* ’
Assumed origin of the associated flare.
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PARTICLES/sec-cm? - ster—MeV

The Event of January 24, 1971

The first 0.5-1 Mev electrons, 19-80 Mev and 4-19 Mey protons associated with this flare were
observed to arrive at 2333 UT (Jan. 24), 0001 UT (Jan. 25) and 0031 UT (Jan. 25), respectively. The
intensity-time profiles of these particles are plotted in Figure 1. These data points are averages
over 1 hour interval. The init{al rise-time was very rapid, and the detector observing electrons and
19-80 Mev protons saturated about 2-3 hours after the onset., The 6-19 Mev proton intensity reached
a broad maximum around 2300 UT on January 25. Both protons and electron intensities decayed more or
less exponentially during the January 26-January 30 period. The decay time constants of 0.5-1 Mey
electrons, 19-80 Mev and 6-19 Mev protons were ~28 hours, ~20 hours, and ~17 hours, respectively.
After about January 30, the decay times for all particles either became very large or the decay mode
was not exponential. The entire event lasted for more than 3 weeks. There was a sudden commencement
at ~0430 UT on January 27, which produced only small effects in the particle intensities.
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Fig. 1. Intensity-time variations of 0.5-1 Mev electrons, 6-19 Mev and 19-80 Mey protons for
the flare-associated event of January 24, 1971. The data were averaged over 1-hour
intervals.
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Figure 2 shows both the proton and alpha differential energy spectra averaged over 24 hours
during the decay phase. It is clear that the proton intensity distribution does not obey power-law-
in-energy representation over the entire energy range of 1-80 Mev. In the limited energy range of
4-20 Mev, the proton spectrum could be described by the form of E-N, with n = 2.7. On the other hand,
the alpha energy spectrum appears to be well represented by ~E-4.1 over the energy range of
1-80 Mev/nuc. The steeper energy spectrum of alpha particles as compared to that of protons for a
given flare-associated event has been observed by many authors in the past years [Teegarden, personal
communication; Hsieh and Simpson, 1970¢ Lanzerotti, 1971].
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Fig. 2. The differential energy spectra of protons and alpha particles for January 24 event. Both
proton and alpha intensities were averaged over 24 hours during the early part of the decay
phase.
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Figure 3 gives the varfations with time of proton intensities in both 6-19 Mev and 19-80 Mev
energy intervals and of the proton spectral index in the energy range of 4-19 Mev. The data points
in this plot were averaged over a time period of 6 hours. Initially, the spectrum is hard and
gradually becomes softer as the intensity increases, the spectral index reaching a maximum value of
2.7. The spectral index then decreases as the intensity steadily decreases. The hardening of the
energy spectrum during the decay phase is consistent with the observational results of Rao et al.
[1971], that the further away from the population longitude the measurement is made, the harder the
energy spectrum one obtains.
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Fig. 3. The 6-hour averages of 6-19 Mev and 19-80 Mev proton intensities are plotted here as a

function of both time and the position of the associated flare. The time variation of proton

spectral index in the energy range of 4-19 Mev is also shown,
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In Flgure 4 we have plotted both the 6-19 Mev to 19-80 Mev proton ratio and the proton-to-alpha
ratio in the same 6-19 Mev/nuc range as a function of both time and flare position. The 6-19 Mev to
19-80 Mev proton ratio clearly decreases with time in decay phase. This implies that the hardening
of proton spectrum with time shown in Figure 2 extends to energy of ~80 Mev. On the other hand, the
proton-to-alpha ratio in the energy range of 6-19 Mev/nuc displays an initial rapid rise, and then
increases very slowly with time. The ratio has a value of ~50 on January 26 when both proton and
alpha intensities begin to decay and increases to ~70 on January 30. The average ratio over the

entire event is 56.
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Fig. 4. The intensity ratios of both 6-19 Mev to 19-80 Mev protons and proton-to-alpha particles
in the energy range of 6-19 Mev/nuc are plotted as a function of time and flare position.
The time variations of the two ratios are quite different during the decay phase.
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PARTICLES /sec-cm2-ster-MeV

The Event of September 1, 1971

This particle event could not be positively associated with an optical flare on the visible
solar disk. There were Type II, Type IV, and soft X-ray bursts at about the right time which could
be related to the flare. Later in this section, we shall present arguments suggesting that this
particle event originated from a flare about 30° behind the west 1imb.

The onsets of 0.5-1 Mev electrons, 19-80 Mev and 4-19 Mev protons were observed to be ~2002 UT,
2055 UT, and 2130 UT, respectively. The intensity-time variations of these particles are shown in
Figure 5. The initial intensity rise of 0.5-1 Mev electrons is comparable to that of the
January 24 event. However, the protons in both the 19-80 Mev and 6-19 Mev energy intervals appear to
have longer initial rise-times than those of January 24 event. The 6-19 Mev proton intensity maximum
was reached only some 10 hours after the onset and the time of maximum intensity was better defined
when compared to the event on January 24. About 3 days after the particle onsets, there was a
geomagnetic storm sudden commencement., The small but distinct simultaneous drop in both electron and
proton intensities around ~2000 UT on September 4 perhaps was related to the passage of an inter-
planetary shock wave. Protons in both 6-19 Mev and 19-80 Mev energy ranges have approximately the
same decay time constant of ~21 hours, whereas 0.5-1 Mev electrons have a longer decay time of
~25 hours during the period from ~1200 UT September 2 to ~1200 UT September 6.
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Fig. 5. Intensity-time variations of 0.5-1 Mev electrons, 6-19 and 19-80 Mev protons for the event
of September 1, 1971. The data are averaged over l-hour intervals.
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Figure 6 shows both proton and alpha differential energy spectra measured during the time
interval from 1200 UT, September 2 to 2400 UT September 3. Again, the alpha particle spectrum
appears to obey a power law in energy quite well, whereas the proton spectrum does not. Both proton
and alpha energy spectra are harder compared to those of the January 24 event and have spectral
indices of ~2.0 and ~2.9, respectively, in the energy range of 4-40 Mev/nuc.- Once more, we have
steeper alpha spectrum for this event.
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The 6-hour averages of 6-19 Mev and 19-80 Mev proton intensities and of the proton spectral
index in the energy range of 4-19 Mev are plotted in Figure 7 as a function of time. Clearly, the
time variation of the spectral index is quite similar to that of the previous event. During the
initial intensity rise, the spectrum becomes softer and softer showing the effect of velocity
dispersion. The spectral index reaches a maximum value of ~2 when the particle intensity started
to decay. It decreases with time slowly during the decay phase.
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Fig. 7. The 6-hour averages of 6-19 Mev and 19-80 Mev proton intensities are plotted as a function
of time. The time variation of proton spectral index in the energy range of 4-19 Mev is
also shown.
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Figure 8 gives the ratios of both 6-19 to 19-80 Mey protons and proton-to-alpha particles in the
energy range of 6-19 Mev/nuc. Although the data points are very scattered, the average 6-19 Mev to
19-80 Mev proton ratio appears to show a general slow decrease with time. This again indicates the
general hardening of spectrum up to ~80 Mev, but the rate of this spectral hardening is less rapid
than the previous event. The proton-to-alpha ratio on the bottom half of Figure 8 shows a different
pattern compared to the event of January 24. During the initial intensity increase, it decreases
rapidly. In the decay phase it shows a slight increase with time, although, within errors, a time-
independent ratio could also be consistent with data. The overall average ratio is ~40.
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Fig. 8. The intensity ratios of both 6-19 Mey to 19-80 Mey and proton-to-alpha particles in the
energy range of 6-19 Mev/nuc are plotted as a function of time. The difference tn the time
variation of the two ratios, although not as strong as that of January 24 event, is present.
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Our belief that this event could be originated from a backside flare {s based upon the following
observations:

a. The McMath Plage region 11482 was at the position of ~N120 of central meridian at the time
of the flare. During its passage on the visible solar disk, the activity of this region, both in
terms of optical flare production and flux of 9 cm radio waves was quite outstanding.

b. Within several hours before the time of particie intensity increase, there was no optical
flare of reasonable size and brightness which could be considered as being reasonable for the huge
particle fluxes observed near the Earth. Although there are both Type II and Type IV radio bursts
associated with the particle event, it is possible that these are produced by a flare just behind
the T1imb [Smerd, 1970]. The observed weak soft X-ray burst listed in Table 1 could result from the
edge of a large radiation region centered around McMath Plage 11482,

c. Both the proton and alpha particle spectra in the energy range of 4-40 Mev/nuc are hard
compared to those of particle events originating from western hemisphere on the visible solar disk.
For most cases, we found that protons associated with flares at positions far away from ~W50
generally have harder energy spectrum than those near ~W50 heliolongitude.

d. At the time of this event, the positions of Pioneers 6, 7, 8 and 9 spacecraft relative to the
assumed position of the flare (~W120 of central meridian) are at ~E120, ~W50, ~W160 and ~W110,
respectively. Therefore, particie intensities observed by Pioneers 6 and 7, as well as IMP V,
should be comparable. Those measured by Pioneers 8 and 9 should be somewhat less comparable {after
the effect due to interplanetary spiral magnetic field is taken into account). The data from
Pioneer 7 were not available during the event [Solar-Geophysical Data]. However, a preliminary
comparison of proton intensities measured by IMP V, Pioneers 6, 8, and 9 is consistent with our
assumption on the position of the flare.

From all the above considerations, it is very Tikely that this particle event originates from
McMath Plage region 11482 at ~W120.

Discussion

There are several features from the above description which we consider to be significant. First
of all, the variation of the proton-to-alpha ratio in the energy range of 6-19 Mev/nuc during the
time of initial intensity rise was completely different for the two events. Whereas the ratio
increases for the event of January 24, it decreases for the event of September 1. This strongly
suggests that the condition of the diffusive region between the source and the Earth may be quite
different for the two time periods. In fact, Englade [1971] has pointed out that the parallel
diffusion coefficients for protons and alpha particles at a given energy per nucleon depend critically
upon both the power-law exponent of the interplanetary magnetic field power spectrum and the
correlation Tength of the field. Thus, depending upon these magnetic field parameters at the time
of particle measurements, it is possible to have the proton-to-alpha ratio either increasing or
decreasing with time in the early part of the particle event.

Secondly, during the decay phase of both events, while the proton-to-alpha ratio (6-19 Mev/nuc)
appears to increase with time, the 6-19 Mev to 19-80 Mev proton ratio is observed to decrease with
time. The 6-19 Mev/nuc alpha particles have the same speed as, but higher rigidity than, the
6-19 Mev protons. Compared to 19-80 Mev protons, however, they have about the same rigidity but Tess
speed. If the diffusion coefficient in both solar corona and interplanetary medium is an increasing
function of both speed and rigidity, then one expects the proton-to-alpha ratio to stay constant or
decrease s1ightly with time during the decay phase. The observed increase of the ratio with time
suggests that, because of the difference in proton and alpha differential energy spectra, the effect
of adiabatic deceleration in the interplanetary medium and/or the ionization Joss in the solar corona
is operating. For the case of adiabatic deceleration, the alpha particles would decay faster than
protons because the energy spectrum for alpha particles is steeper than that for protons [Forman,
1971]. On the other hand, the energy loss .in the solar corona could also give rise to the observed
phenomenon, because (1) for both events, the positions of the associated flares moved away from
~W50 heliolongitude, and (2) the fonization loss is the same for both protons and alpha particles at
a given energy per nucleon. As time goes on in the decay phase, we are observing proton-to-alpha
ratio at progressively higher kinetic energy (Mev/nuc) as particles travel a longer distance across
the solar disk.
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Thirdly, if the first arriving particles travel ~1.3 A.U. along the interplanetary spiral
magnetic field lines between the sun and the Earth, then the transit times are ~12 min, ~34 min and
~71 min for 0.7 Mev electrons, ~50 Mev and ~11 Mev protons, respectively. The expected transit time
difference between 0.5-1 Mev electrons and 19-80 Mev protons is ~22 min, and that between 0.5-1 Mev
electrons and 4-19 Mev protons is ~59 min. These time differences are consistent with the observed
results of the January 24 event., However, the event of September 1 gives much Targer transit time
differences of ~53 min and ~88 min than those expected from a simultaneous near-sun release of all
flare particles. The onsets of >45 kev electrons (which has the effective energy response of
~100 kev assuming electron energy spectrum of ~E~%) for those events were ~2333 2 UT on January 24
and ~2000 +2/-5 UT on September 1 ER. P. Lin, personal communication]. These results imply
[Sullivan, 1970; Lin and Anderson, 1967] that particles of different species and energy may not be
injected into interplanetary medium simultaneously. It is not compietely clear whether this non-
simultaneous particle injection is due to the evolutionary particle acceleration [Sullivan, 1970]
or the diffusion-storage of the energetic particles in the solar corona. Undoubtedly, this phenomenon
deserves more detailed study.
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Energetic Electron and Proton Solar Particle Observations
on 0GO-5, January 24-30, 1971%

by

H. I. West, Jr., R. M. Buck and J. R. Walton
Lawrence Livermore Laboratory, University of California
Livermore, California 94550

and

R. G. D'Arcy, Jr.
Bartol Foundation of the Franklin Institute
Swarthmore, Pennsylvania 19081

Introduction

Neutron monitors [Solar-Geophysical Data No. 319, Part I, p. 97, March 1971] indicated the ar-
rival of solar particles of cosmic energy at the earth at about 2330 UT January 24, 1971. At that
time 0GO-5 was outbound on the morning side of the earth. Our instruments on 0GO-5 detected the
first arrival of solar particles at 2336 UT at which time 0G0-5 was Tocated at R = 10.27 Rg, Ap =
41.6°, oGSE = 254°, Agop = 67.5%, bggy.= 262°, and Aggy = 42.2°, where the coordinates are radial
distance, magnetic 1a%1 ude, solar ecM1pt1c azimuth anm elevation, and solar magnetospheric azimuth
and elevation. 0GO-5 did not return to the magnetosphere until January 27, hence was able to pro-
vide uninterrupted coverage during this early evolution of the solar particle event. The data
coverage in this report extends through January 30, 1971.

Instrumentation

These data were obtained by the LLL electron and proton spectrometer experiment on 0G0-5. The
electron analyzer consisted of two magnetic 180°-first-order-focusing spectrometers. Solid state
detectors in the focal plane provided both particle detection and secondary energy analysis. Shielded
background detectors provided an accurate measure of the background. Data were obtained from energy
channels centered at 79, 158, 266, 479, and 822 kev. Channels were also available at 1530 and 2830
kev. However, the 1530-kev channel at this time was somewhat noisy (0G0-5 was Taunched March 4, 1968)
and the 2830-kev channel was at background.

Protons were obtained from a range energy telescope and a single adjacent detector located in
the larger of the electron spectrometer magnets in 1ine with the entrance aperture of the electron
spectrometer. The electron spectrometer magnet served the dual purpose of electron broom. Energy
channels were P; (0. 1 - 0.15 Mev), (0.23 - 0.57 Mev), P3 (0.56 - 1.35 Mev), Py (1.35 - 5.4 Mev),
Pg (5.6 - 13.3 &ev (14 - 46 Mev?, and P7 (43 - ~94 Mev). In addition an omnidirectional channel
der1ved from the background detector for the 2830-kev electron channel provided a proton channeT

(2 100 Mev The geometr1ca1 factors for these channels were (Py, 2.06 x 10- 3cmz-sr s 1.3 %
6 2em2-sp) P3, 1.3 x 10-? cmz—sr) (P4, 1.3 x 10~2cm?-sr), (Pg, 1.25 x 10~%cm2-sr), % 72 x 10-2
cm*-sr), (P7, 1.98 x 10-2¢cm?-sr), and ( 0.6 x 41 cm®). The logical rearrangement o? the various
logic elements of the proton telescope a%]owed the evaluation of the backgrounds but in general the
background evaluation was more subjective than for the electron spectrometer.

In order to obtain directional information on the earth-sun oriented satellite, the apertures
of the spectrometers were scanned relative to the satellite at 3°/second through an excursion of
230°. The axis of the scan was about the radius vector passing through the center of the earth with
the experiment aperture looking out perpendicular to the scan axis.

Since the experiment had been in use 3 years at the time of these observations, the experiments
diagnostic procedures were important. An inflight pulse generator insured us that the logic levels
were correct and that the Togic was functioning properly. In addition the data obtained in the outer
radiation belt were credible.

Orbit

At Taunch on March 4, 1968, 0G0-5's orbit was inclined at 31° and perigee and apogee were 1.04 Rg
and 24 Rp (geocentric). At the time of these observations the orbit was inclined at 54° and perigee
and apogee were 4.8 Rp and 20.2 Rg (geocentric). Table 1 gives the location of the satellite during
these observations.

*Work performed under the auspices of the U. S. Atomic Energy Commission funded in part under NASA
P.0. S-70014-G.
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Table 1
Position of 0GO-5

el K *n SosE *osE _fosm o
2400/24 10.631 1 261 69 265 43
0200/25 12,32 37 291 T0 281 18
0400/25 13.81 34 313 67 296 53
0600/25 15.117 32 326 63 313 57
1200/25 17.802 35 3hh 53 3 52
1800/25 19.739 30 354 b 340 37
2400/25 20.288% 7 359 32 3b4 28
1200/26 18.097 -4 7 11 7 11
1800/26 15.179 -7 12 -4 13 0
2ko0/26  10.738 -3k o2 -28 31 -16
0200/27 8.882 =45 29 ~h1 42 -27
0k00/27 6.921 =51 50 -60 63 -46
0600/27 5,242 -33 1hh «63 130 -56
oT2k/27 4,815 -1 179 -29 175 -29
0800/27 4,935 13 186 -12 185 -13
1000/27 6.327 9 203 32 205 31
1200/27 8.269 62 222 56 226 5
1800/27 13.439 49 306 68 291 52
2400/27 18.939 - 5. 3 15. 355 15
1200/28 20.162 20. 354 36 352 35
1430/28 20.256" 21 356 32 351 31
2400/28 18.647 -9 L. 14 357 14
1200/29 12,751 -29. 1k -16 15 =15
1800/29 7.382 -46 40 -56 55 -h2
2000/29 5.585 -43 118 -69 104 47
2142 /29 L.8u46" -12 175 <31 161 -26
2400/29 5.928 32 197 23 205 13
0200/30 7.806 47 214 51 231 34
0400/30 9.729 49 239 65 251 48
1200/30 15.678 k7 326 61 320 59
1800/30 18.383 36 341 50 325 b

*
Apogee and perigee.

Electron Observations

0G0-5 was at 10.45 Rp on the morning side of the earth at the start of the event. It had just
exited. from an encounter with high latitude (Am = 42°) plasma sheet particles and from 2336 UT January
24 to 0100 UT January 25 was able to make good electron observations before again encountering plasma
sheet particles (11.5 Rg). In general all data obtained during the encounters with particles of
magnetospheric origin have been eliminated. At times, even interplanetary, there were occasional
gusts of particles in Eq. No attempt was made to preserve the structure in the averaging of the data.
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The data average during the period of rapidly changing fluxes at the start was 9.6 minutes, later to
be extended to 1.2 hour. The experiment scanned continuously during the six days of observations.
No sign of any appreciable deviation from isotropy showed during this period. A1l data were of
course, corrected for backgrounds, the most subjective periods being within a few hours of the start
when the relativistic particle fluxes were highest and towards the end of the observations when the
solar particle counts were not greatly above background.

The data in Figure 1 show strong time-of-flight effects. This becomes more evident by exggining
the differential energy spectra in Figure 2. By 2142 UT January 25 a power law spectrum (E’3' )
prevailed. After that the spectrum hardened slightly, the exponent being 2.66 at 0400 UT January 27,
2.55 at 0400 UT January 28, and 2.67 at 0300 UT January 29. There is no significant difference
between these values.

Proton Observations

The proton results are shown in Figures 3 and 4, Figure 3 giving the time history and Figure 4
integral spectra. Similarly, as for the electrons the data are 9.6 minutes or 1.2 hour averages as
the details of the structure dictate. We have not plotted channels Py and P». These channels often
saw gusts of particles and the structure would be lost in the plot. A]so there was some anisotropy
in the data, the effect being greatest at the Tower energies. The background effects for all P-
channels have been evaluated and subtracted for both Figures 3 and 4. For 01, the galactic back-
ground level of 3.1 counts/sec was inciuded in Figure 3 but was subtracted for Figure 4. Similar to
the electrons these data show strong time-of-flight effects.

Discussion

A periodic structure (v 5 hours) shows up in both the electron and proton data for the first
day after the onset of arrival of the particles. Since the perjodicity is not dependent upon energy
or type of particle the data suggest a filamentary structure in the interplanetary medium.

Early on January 27 a Forbush decrease began [Solar-Geophysical Data No. 319, Part 1, p. 98,
March 1971] terminating towards the end of January 29. Possibly the drop in the flux of the more
energetic protons (including the > 100 Mev-channel) starting ~ 0400 UT January 27 is associated
with the Forbush decrease. However, at this time 0G0-5 was well inside the magnetosphere (v 7 RE)
encountering trapped radiation between 0630 UT and 0900 UT. The solar proton flux continued to de-
crease until ~ 1500 UT (R = 11.6, Ay = 44°, ¢gsM = 267°, and Agyg = 60°). It is possibly significant
that as the flux returned to its original decay curve at 2300 UT (R = 15.4, \y = 36°, dgMs = 302°,
Agms = 44°) the directional distribution of the protons changed from isotropy to a modulation in the
0GO-5 data of ~ 4/1. The data as averaged at this time (in Figure 3) reflect, predominately, the
 flux of particles from the sunward direction. At this time we can be reasonably assured that 0G0-5
was outside of the magnetosphere. It would appear that the flux of protons in the magnetosphere more
nearly followed the flux of protons directed towards the sun than away from the sun. The solar pro-
tons stayed modulated until ~ 1300 UT January 28 (R = 20.2, ¢gsg = 356°, A £ = 33°). Possibly some
of the drop in counting rates at this time may have been due to a loss of %ﬁe most advantageous Took
direction. During the solar particle event the electrons were isotropic and showed no effects dur-
ing the magnetospheric encounters, except of course, when trapped radiation or gusts of plasma sheet
radiation were encountered. These radiations were easily detected and excluded from the plot in
Figures 1. It would appear that when properly analyzed these solar particle data will have something
to say about magnetospheric entry and clearly they can contribute to our knowledge of the interplan-
etary transport of energetic charged particles.
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Fig. 2. Differential electron spectra during the early part of the event.
The spectrum was essentially constant after 2400 UT January 25.
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Proton and Alpha Particle Fluxes Measured Aboard QV5-6

by

G. K. Yates and J. G. Kelley
Air Force Cambridge Research Laboratories
L. G. Hanscom Field, Bedford, Massachusetts

and

B. Sellers and F. A. Hanser
Panametrics, Inc., Waltham, Massachusetts

Satellite OV5-6 (International designation 1969-046B) measures solar fluxes of protons and
alpha particles. The perigee is 16,341 km and the apogee is 112,196 km. Thus, for most of the time
the instruments are outside the earth's magnetosphere. The data presented here do not include
fluxes within this region. The orbit was described in greater detail in an earlier report in this
series [Yates et al., 1971].

The proton-alpha particle detector on 0V5-6 consists of two totally dep]etgd silicon surface
barrier detectors in a telescope configuration. The detectors each have a 2 CM° area and are
separated by 2.54 cm. The outer one is 200 microns thick and the inner one 750 microns. The outer
detector is shielded from 1ight by 0.6 mil of aluminum foil. In the coincidence mode of operation,
the telescope has a geometric factor of 0.52 cm®-sr, with a detection cone of 30° half angle. The
average angle of detection is 17°. A coincidence is set by an energy loss window on the first
detector and a threshold on the second detector. The resulting coincidences detect protons and
alpha particles (principally) in the following ranges: protons 5.3 to 8 Mev, 8 to 17 Mev, 17 to

40 Mev, and 40 to 100 Mev; alpha-particles 20 to 32 Mev, 32 to 68 Mev, and 68 to 100 Mev. The
telescope cycles sequentially through these seven ranges, each range is counted and then read out.
The complete cycle is completed in approximately two minutes. The telescope looks in the eguatorial
plane of the satellite.

The satellite spin axis is stable and is directed toward 0D and 40M RA and 32° declination in
celestial coordinates. In January 1971 the sun appeared twenty degrees above (+20°) the satellite's
equator. Since the spin period at this time was approximately 4.7 seconds, the telescope accum-
ulated counts in a given particle energy range for approximately two satellite rotations.

The figure shows 30 minute averages of the data from the four coincidence proton channels and
the Towest energy alpha particle channel. Fluxes are given in particles/cm*-sec-sr-Mev; most gaps
correspond to periods of no telemetry; points when the satellite was within the' trapped radiation
belt are omitted.

Armstrong and Krimigis [1971] have shown that there is an inverse correlation between the proton/
alpha-particle flux ratio and the hardness of the proton energy spectrum. These data agree with their
results. A comparison of the two lower proton energy intervals in the figure shows that the
January event was harder than the September event given in Part 11, p. At 1200 hours UT,

January 25, the proton/alpha-particle flux ratio in the 5 to 8 Mev/nucleon interval was 12.
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ARMSTRONG, T. P. and 1971 Statistical study of sclar protons, @lpha particles,
S. M. KRIMIGIS and 723 nuclei in 1967-1968, J. Geophys. Res., 76,
4230-4244,
YATES, G. K., L. KATZ, 1971 Proton, alpha and bremsstrahlung fluxes measured aboard
J. G. KELLEY, B. SELLERS, 0V5-6, Upper Atmospheric Geophysics Report, UAG-12,
F. A. HANSER and Pt I, p. 139-T46.
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Particle Observations during tne 24 January 1971 Event

by

J. W. Kohl
The Johns Hopkins University
Applied Physics Laboratory
Silver Spring, Maryland

Presented here are observations of solar proton and alpha particles detected by solid state
detectors of the Solar Proton Monitoring Experiment (SPME) on board IMP-G (Fxplorer 41) during the
time period 24 January through 1 February 1971.

Background

IMP-G (Explorer 41) is in a highly elliptical orbit with apogee at ~170 x 10° km, perigee
at ~250 km, and an inclination of 84°. The orgital period is ~80 hours and during the time period
shown in the following figures completed ~2 1/2 orbits. From 24 January through 1 February 1971 the
orbital plane was at a sun-earth-spacecraft angle of ~156° at ~2200 hours LT.

There are three groups of integral detectors with threshold energies of >60 Mev, >30 Mev, and
>10 Mev. A description of these detector systems and their characteristics has been previously
publisned in "Solar-Geophysical Data", Descriptive Text [1972]. There is also a single detector with
two discrimination levels which measures protons and alphas in the differential ranges 1 £ Eny £ 10
Mev and 4 S,E@ < 36 Mev, respectively. The characteristics of this detector have been previgus1y
qiscussed by 9. C. Armstrong and C. 0. Bostrom [1971]. Ho additional comments on detector character-
istics will be presented in this report.

~ The data for all channels will be presented as hourly averages. Perigee effects such as
passage through the trapped radiation zones have been edited out. Also, a background value (an
average of several days prior to 24 January) has been subtracted from the >60 Mev, >30 Mev, and
>10 Mev values. No background values have been subtracted from the 1 <E <10 Mev/nucleon channels
because of their variability prior to the event.

Observations

The data for protons >60 Mey, >30 Mev, and >10 Mev for the time period 24 January through
1 February 1971 are presented in Figure 1. From every-point data, which is not shown, it can be seen
that all three detectors begin their initial rise within ~6 minutes of each other at ~ 2336 UT on
24 January. The fluxes then increase to their maximum; 89, 407, 1170 protons/cm?sec ster for the
>60, >30, >10 Mev detectors, respectively. The fluxes then seem to remain on a plateau for a length
of time Tonger for lower energies. The decay period, which exhibits some modulating effects,
extends from ~3 to ~7 days, depending on energy. Shown on this same figure, for convenience, are
the 3-hour Kp averages. Also indicated is a sudden-storm-commencement at 0430 UT on 27 January.
A1l three channels indicate the arrival as a sudden decrease in intensity.

Figure 2a shows the intensity-time profile for the two differential channels. Except for the
ledge early on the 25th, the intensity-time profiles exhibit essentially similar characteristics.
The event onset for the ~1-10 Mev/nucleon channels is ~2347 UT on the 24th - some 10 minutes after
the higher energy integral channels. The maximum intensities are 3.936 and 161 particles/cm?sec ster
for the -~1-10 Mev/nucleon protons and alphas, respectively. The ratio of alphas-to-protons for the
same time intervals is shown in Figure 2b. It can be seen that prior to the event the alpha/proton
ratio has a large spread about ~.06 and at the start of the event the spread in the ratios become
smaller to form a smooth curve. The ratio is then seen to fall to a minimum of ~.015 at about the
time of the sudden-storm-commencement. At this time. also, the spread:begins to increase. ‘As the
recovery phase develops, the value of the alpha/proton ratio and the spread in values increase to
approximately the pre-event values.
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Solar Electrons, Protons, and Alpha Particles in the 24 January 1971 Event

by

L. J. Lanzerotti and C. G. Maciennan
Bell Laboratories
Murray Hill, New Jersey

Editor's Note: The authors did not have time to submit discussion of their data, but
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kindly sent the following four Figures presenting the event as seen
on detectors on the Explorer 41 satellite.
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Time history of the electron fluxes in three integral electron channels as
measured by a four element solid state detector telescope on the Explorer
41 satellite.

126

ELECTRONS (cm? sec ster)”!




PROTONS (cm? sec ster Mev)™’

Al
— 0.47-0.53 MeV

W

p L
102 —
10 |~
10° |~

A -

<

T

llll I

T

TT

10° ernf

MJW

102_
10
B
| “ /"’““‘v
@

|

L]

[

iyl

0.53-1.07 MeVv

A3
1.07—-2.5 MeV

3
2.5-4.3 MeV

26 27 28 29 30 -
JANUARY 1971, UT

Fig. 2. Time history of the proton fluxes in four differential channels.

127

PROTONS (cm? sec ster Mev) ™




(cm? sec ster Mev)™!

ALPHAS

T

A4

T I||| T lll[%f"ll] T III|

BS5

8.5-17.5 MeV

III[

Fig. 3.

24

25

26

JANUARY 1971, UT

27

28

29

30

A5

ALPHAS (cm? sec ster Mev)™!

Time history of the alpha particle fluxes in three differential channels.

128




)—t

MeV
nucl.

ALPHAS (cm2 sec ster
3

1

1

s

Mw

ALPHAS

L5—2.1319!—
nucl.

[ 1,

107! ]
— L —103
[ 1
l >
- ] Qo
» =
— = L
i . >
.. = (8]
i PROTONS i &
1.1-2.5 MeVv ;o
- —10° £
o . L
L -1 o
-4
n -] O
’..
W W ENE:
- ] o
1071
z 0.2 l -1
5 i 2.5 Mev 7]
E 508} nucl, _
~
< = ]
I
o
4 0.04} \'\w._,_\’ ]
< Mﬂ'
0]
24 25 26 27
JANUARY 1971
Fig. 4. Time history of the alpha and proton fluxes in

two differential channels and the alpha-to-proton
flux ratio for the onset of the event. The alpha-
to-proton ratio is substantially enhanced during
the first day of the event. (This figure is taken
from a paper by Lanzerotti, Maclennan, and Graedel,
Astrophys. J., 173, L39-43, University of Chicago
Press, 1972. Permission to reprint this figure

has been given by the authors and the Journal.
Copyright 1972, The American Astronomical Society.
A1l rights reserved. Printed in U.S.A.).
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The Distant Interplanetary Magnetic Field Measured by Pioneer 8
during the Period January 20 to 30, 1971

by

A. Castellit and F. Mariani+*
*Laboratorio Plasma nello Spazio
Consiglio Nazionale delle Ricerche
Istituto di Fisica dell'Universita
Roma, Italia

*Istituto di Fisica dell'Universita
L'Aquila, Italia

and

N. F. Ness
NASA, Goddard Space Flight Center
Greenbelt, Maryland U.S.A.

In the time interval from January 20 to 30, 1971 the Pioneer 8 space probe was on its heliocen-

tric orbit East of the Sun-Earth Tine at an angular distance of about 70 degrees: the geometry of
the orbit is shown in Figure 1.

Fig. 1. The trajectory of Pioneer 8 on the ecliptic plane, referred to the
Sun-Earth line. The figure is slightly different from that published
in a previous report [UAG-12, Part III, p. 409] because now the Sun-
Earth line distance is taken as a time invariable unit, incorporating
its annual variation. To allow reconstruction of the heliocentric
absolute distance the dashed 1ine tracing the trajectory gives the
absolute Sun-Earth distance in units of that at the beginning of the
flight.
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The average time interval between each field value is about 7 seconds. Each vector component is
the average of four consecutive measurements computed on board the spacecraft by a special computer,
the Time-Average Unit. The total time coverage was about 45% of the time.

Hourly averages of the field elements are shown in Figure 2. More details are shown in Figures
3 and 4 where five minutes averages are shown for days 22 to 26 January.

Except for the first two days the field character is near to that of the spiral away from the
Sun.

The incomplete time coverage does not allow clear statements on the field behavior, although
higher levels of the field strength, as well as of its fluctuations, is suggested for days 23 to 25.

A shock-like step increase of the field intensity is possibly observed at 0142 UT of January 23,
as shown in Figure 5 where one-minute averages are plotted for the first 4 hours of the day.

The definitions of the values plotted are as follows:
F, the average field computed by the averages X, y, z of the field components.

E, the average field magnitude computed by the individual field magnitudes. According to
their definitions, F is always greater than or equal to F,
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6 and @, i.e. the inclination (+ north, - south) and the azimuth of the field vector on the eclip-

tic plane (0° towards Sun, 90° east and 180° away from Sun).

Also, the RMS deviations are given, according to the following definition:
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where Xis yi, z; are individual values of the three field components.
D1, the same as D computed over the averaging time interval.

D2, the average of the 30 sec RMS deviation D.
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5. COSMIC RAYS
Tables of Neutron Monitor Data and Selected Graphs for the January 24, 1971 Event

by

Helen E. Coffey
World Data Center A for
Solar-Terrestrial Physics
NOAA, Boulder, Colorado 80302

Cosmic ray neutron monitor data for the January 24-25, 1971 event are presented both in tabulated
form and graphical displays. In many cases the data for this period were forwarded to us upon special
request. We thank all the reporting observatories for their cooperation.

Table 1 1ists the stations, their equipment, geographic coordinates, cut-off rigidities, scaling
factors, pressure coefficients, mean station pressure in mm Hg and multiplication factors, if any.
Following this is Table 2 which presents the hourly values for January 24-25, 1971 from the 41 sta-
tions, Tisted in cut-off rigidity order. The incompleteness of the data is due to the lag in com-
piling cosmic ray data. The data does however cluster around the period we are most interested in,
i.e., 2300-0200 UT.

Graphical displays of selected stations show both the variation of data with cut-off rigidity
and a quick graphical Took at the event. These include: a.) Dumont d'Urville fifteen-minute data
given in percentage deviations for 1800 UT January 24 - 0800 UT January 25 (Figure 1); Port aux
Francais five-minute deta in percentage deviations for 1800 UT January 24 - 0800 UT January 25
(Figure 2); and c.) Durham five-minute data for 2000 UT January 24 - 0400 UT January 25 (Figure 3).

Finally, Table 3 presents 23 individual stations data in 5~, 10-, and 15-minute hourly rates.
Information pertinent to each station is given in the headings. A1l data is pressure corrected ex-
cept for Rome, Belgrano, Apatity and Oulu. Average hourly pressure values are given for Rome and
Oulu. No pressure values were available for Belgrano and Apatity.

The 23 stations listed in cut-off rigidity order are:

Station Cutoff rigidity Hourly rate
Dumont d'Urvilie 0.01 Fifteen-minute
Fort Churchill 0.21 Five-minute
Tixie Bay 0.53 " "
Kiruna 0.54 " "
Apatity 0.65 Fifteen-minute
General Belgrano 0.75 Five-minute
Oulu 0.81 " "

Deep River 1.02 " "

Sanae 1.02 Ten-minute
Port aux Francais 1.19 Five-minute
Mt. Washington 1.24 " "
Durham 1.41 " "
Uppsala 1.43 " "
Magadan 2.10 Fifteen-minute
Leeds 2.20 Five-minute
Kiel 2.29 " "
Moscow 2.46 Fifteen-minute
Irkutsk 3.74 Five-minute
Lomnicky Stit 4,00 Ten-minute
Dallas 4.35 Five-minute
Rome 6.32 Fifteen-minute
Mt. Norikura 11.39 Fifteen-minute
Tokyo/Itabashi 11.61 Ten-minute

134




Table 1

Mean
Geographic Station
Coordinates Cutoff Scaling Pressure Pressure
Station Equip. |at. East Rigidity Factors Coefficient mm HG Real Counts
ALE Alert SNM  82.5 N 297.6 0.0 - 0.987%/mm Hg 725 100x tabulated
DUM Dumont D'urville | SNM  66.4 S 140.0 0.01 - .99 %/mm Hg -— 200x "
INU Inuvik SNM  68.35N 226.2 0.18 - .987%/mm Hg 758 100x "
CHU Fort Churchill NM  58.75N 265.9 0.21 - -- 1010mb | 40x "
Syowa Base SNM  69.03S 39.6 0.42 -- - 980mb | 100x !
GO0 Goose Bay SNM  53.33N 299.5 0.52 -- .987%/mm Hg 758 100x !
Tixie Bay SNM  71.55N 128.9 0.53 - -.96 %/mm Hg 758 100x "
Kiruna SNM  67.83N 20.4 0.54 -- -.99 %/mm Hg 720 100x !
Norilsk SNM  69.26N 88.05 0.63 64 -.69 %/mb 1005mb |~~~
APA  Apatity NM  67.55N 33.3 0.65 - .- -—— —
BEL General Belgrano | SNM  77.97S 321.2 0.75 - - - 32x !
OUL  Qulu SNM  65.0 N 25.4 0.81 -- .735%/mb 1000mb | 100x '
DEE Deep River SNM  46.1 N 282.5 1.02 -~ .987%/mm Hg 747 300x !
Sanae SNM  70.46S 357.51 1.02 -- .73 %/mb 980mb | 10x "
0TT Ottawa NM  45.4 N 284.4 1.08 6.4 -~ - -—-
CAL Calgary SNM  51.08N 245.9 1.09 -- . 7718%/mb ——— 100x !
BEG Bergen NM  60.4 N 5.3 1.13 16 .74 %/mb 990mb | ---
SUL  Sulphur Mountain | SNM 51.2 N 244.39 1.14 - .7665%/mb - 100x "
POR Port aux Francais| SNM 49.35S 70.2 1.19 -~ 1.01 --- 400x "
MTW Mt. Washington NM 44,3 N 288.7 1.24 -- Pressure Corrected
DUR Durham SNM  43.1 N 289.1 1.41 -- Pressure Corrected
UPP Uppsala NM  58.85N 17.92 1.43 -- ~.986%/mm Hg 757.75] 10x "
Magadan SNM  60.11N 151.01 2.1 64 ~.74 %/mb 982mb |---
LEE Leeds NM  53.82N 358.4 2.2 -- -- —— 100x !
KIE Kiel SNM  54.33N 10.1 2.29 -- .961%/mm Hg 755 100x '
MOS Moscow SNM  55.47N 37.3 2.46 -- -.71 %/mb - 200x '
Utrecht SNM  52.08N 5.13 2.76 -— .99 %/mm Hg 760 100x )
LIN Lindau SNM  51.6 N 10.1 3.0 -- -- 780 100x '
CLI  Climax NM  39.37N 253.8 3.03 100 -.96 %/mm Hg 504 ---
IRK Irkutsk SNM  52.42N 104.3 3.74 64 ~.74 %/nib —— -—
LOM Lomnicky Stit NM  49.2 N 20.22 4.0 8 -- --- -
PRE Predigstuhl SNM  47.7 N 12.88 4,30 -- -.9 %/mm Hg 625 100x !
DAL Dallas NM  32.78N 263.20 4,35 -- -- -—- 120x
HER Hermanus SNM 34,425 19.2 4,90 - .72 %/mb © 1015mb | 100x !
PIC Pic-du-Midi SNM  42.93N 0.2 5.36 - .93 %/mm Hg --- 100x "
USH Ushuaia NM  54.8 S 291.7 5.68 8 -- 750 -3000x "
ROM Rome SNM  41.9 N 12.5 6.32 100 .92 %/mm Hg ———F e
Mexico City SNM  19.33N 260.8 9.53 - -.96 %/mm Hg 584 64x !
MIN Mt. Norikura SNM  36.12N 137.5 11.39 64 -.85 %/mm Hg 540 -—-
Tokyo/Itabashi SNM  35.67N 139.75 11.61 64 -.7 %/mb 1013.3mb --
HUA Huancayo - NM  12.05S 284.6 13.45 100 ~-.96 %/mm Hg 518 -—-

*Uncorrected for pressure.
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Table 2

January 24, 1971

HOUR 13 14 15 16 17 18 19 20 21 22 23 24

ALERT 6737 6722 6775 6745 6746 6747 6762 6753 6762 6752 6722 7019
TERRE ADELIE 1951 1953 1958 1950 1955 1951 1949 1964 1965 1968 1969 2129
INUVIK 6493 6485 6513 6528 6494 6478 6480 6727

CHURCHILL 5977 5969 6171
SYOWA BASE ‘ 2647

GOOSE BAY 6555 6520 6535 6542 6542 6539 6544 6495 6528 6520 6527 6803

TIXIE BAY 6637 6665 6675 6655 6664 6659 6645 6654 6671 6654 6667 6821

K IRUNA 6597 6608 6576 6586 6567 6583 6589 6579 6589 6578 6598 6938

NORILSK 5581 5569 5565 5587 5592 5576 5598 5593 5593 5598 5591 5716

APATITY 8661

BELGRANO 6932 7164

ouULY 3497 3483 3481 3499 3498 3490 3515 3518 3510 3495 3516 3648

DEEP RIVER 6467 6471 6460 6458 6479 6475 6479 6468 6461 6485 6463 £722

SANAE 14231 14683

OTTAWA 2864 2837 2833 2780 2829 2906 2843 2833 2820 2839 2831 2925

CALGARY 10709 10707 10672 10646 10648 10664 10640 10642 10644 10665 10629 11733
BERGEN 530 534 544 527 535 524 537 542 533 53] 543 549
SULPHUR MT 7997 7959 7933 7941 7954 7950 7947 7959 7931 7943 7973 8987
KERGUELEN 1847 1842 1836 1833 1828 1828 1824 1819 1837 1848 1838 1893
MT WASHINGTON 2068 2085 2090 2212
DURHAM 1398 1396 1401 1453
UPPSALA 5612 5645 5603 5635 5620 5637 5599 5581 5645 5602 5574 5804
MAGADAN 7217 7431
LEEDS 6325 6307 6310 6307 6289 6313 6303 6307 6316 6295 6315 6437
KIEL 5943 5927 5933 5919 5909 5913 5925 5909 5940 5917 5923 6019
MOSCOW 4491 4510 4488 4505 4626
UTRECHT 6015 6003 6003 5994 5974 5982 5994 5994 6012 6010 6012 6086
L INDAU 3669 3665 3654 3653 3646 3641 3667 3645 3657 3651 3651 3696
CLIMAX 3839 3863 3878 3840 3828 3833 3862 3860 388l 3853 3842 3914
IRKUTSK 10125 10256 10261
LOMNICKY STIT 4981 4982 4986
PREDIGTSTUHL 3599 3585 3616 3625 3600 3622 3597 3611 3595 3552 3543 3571
DALLAS 5937 5985 £011
HERMANUS 973 978 981 977 971 981 982 976, 970 979 976 984
PIC DU MIDI 2384 2386 2386 2387 2386 2392 2397 2405 2404 2392 2386 2397
USHUATA 271 290 228 302 274 344 283 268 294 270 244 298
ROME 2940 2967 2996 2961 2960 2945 2951 2964 2940 2897 2875 2891
MEXICO CITY 843 841 847 840 836 842 841 851 838 849 847 845
MT NORIKURA 10173 10197
TOKYO/ITABASHI 3480 3451
HUANCAYO 1714 1723 1717 1726 1708 1721 1727 1712 1714 1706 1720 1713
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Table 2 (continued)

January 25, 1971

01 02 03 04 05 06 o7 08 09 10 11 12 AVERAGE

7359 7064 6931 6863 6826 6793 6770 6799 6786 6771 6762 6795 6823.4
2223 2067 2032 2014 1998 1998 2000 1993 1986 1970 1964 1979 1995.2
7063 6796 6680 6622 6564 6579 6552 6535 6540 6544 6525 6533 658665
6515 6279 6125 6060 6073 6029 6045 6021 6033 6028 6038 6032 6093.0
2778 2649 2585 2594 2544 2549 262008

7201 6831 6705 6643 6637 6607 6583 6579 6606 6601 6601 6596 661803
7187 6921 6823 6811 6741 6743 6717 6694 6685 6675 6659 6658 672462
7389 7012 6818 6769 6737 6726 6686 6688 6668 6661 6626 6641 670003
5990 5860 5745 5713 5646 5651 5613 5616 5587 5596 5602 5588 564062
9155 8769 8590 8603 8617 87325

7725 7358 7220 7160 7196 7176 7225 7215 7238 7222 7252 7212 T7235.3
3846 3683 3595 3598 3576 3562 3562 3562 3560 3567 3556 3542 355606
7056 6767 6658 6585 6575 6526 6524 6521 6528 6523 6531 6519 6550.0
15418 14843 14486 14314 14363 14348 1458507
3041 2955 2881 2930 2916 2899 2840 2865 2821 2865 2858 2903 287l.4

12157 11306 11024 10917 10823 10758 10803 10773 10745 10784 10793 10779 10860.8

592 557 552 540 543 540 546 548 547% 546 536 544 54245
9433 8605 8297 8189 8134 8102 8104 8061 8076 8045 8069 8037 8151.0
1990 1926 1901 1880 1875 1867 1874 1867 1871 1865 1866 1859 1863.0

2364 2203 2164 2132 2130 21607
1494 1445 1422 1417 1410 142661
6068 5819 5746 5719 5655 5682 5693 5734 5665 5689 5689 5636 568l.3
7508 7374 7374 7273 7237 7252 7230 7227 7210 7215 729567

6483 6427 6399 6367 6366 6358 6380 6387 6409 6422 6388 6374 635706
6084 6009 5986 5965 5986 5983 5985 5987 6000 5989 5972 5973 5962.3

4541 4516 4526 4546 4517 4542 4494 452502
6096 6064 6042 6026 6043 6028 6038 6069 6074 6072 6054 6059 60307
3698 3664 3669 3677 3676 3690 3686 3695 3705 3704 3688 3693 367265
3940 3900 3879 3852 3866 3867 3869 3862 3881 3875 3877 3888 3868.7
10183 10208 10280 10322 10456 10344 10227 10240 10259 10227 10232 10214 10255.6

4952 5003 4930 4945 4892 4988 4953 4886 4998 4955 4923 4963 4955,.6
3582 3573 3564 3579 3574 3593 3598 3622 3658 3657 3655 3659 360102
5987 5990 5994 5971 5965 5941 5948 5967 5964 5974 5959 5995 5972,5
976 983 982 980 982 984 982 985 993 973 979 981 942.0
2398 2406 2405 2409 2402 2427 2422 2422 2430 2430 2429 2426 24045

244 298 285 258 287 347 272 259 290 214 268 294 282.6
2877 2851 2848 2838 2852 2857 2831 2830 2827 2835 2837 2858 2892.8
850 846 839 842 843 842 843 851 848 841 848 852 8443
10303 10290 10235 10227 10212 10233.8
3503 3505 3518 3515 3488 349403

1721 1731 1717 1719 1711 1733 1714 1729 1716 1732 1716 1716 1719.0
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Table 3

DUMONT DURVILLE 66045 140.02E ANTARCTICA
NEUTRON MONITOR 9~NM-64

CORRECTED FOR BAROMETRIC PRESSURE

COEFFICIENT 9.9 PER CENT PER CM HG

MULTIPLY INDICATED NUMBERS BY 200

FIFTEEN-MINUTE HOURLY RATES

JANUARY 24-25, 1971

TIME MINUTES AT END OF INTERVAL

UeTo 15 30 45 60
1200-1300 488 488 485 488
1300-1400 489 486 486 489
1400~1500 491 490 486 491
1500-1600 489 485 486 490
1600-1700 485 488 487 492
1700-1800 489 485 486 491
1800-1900 488 491 484 489
1900-2000 494 488 492 488
2000-2100 487 489 494 493
2100-2200 489 492 494 491
2200-2300 490 497 490 492
2300-2400 493 496 555 585
0000-0100 585 555 548 536
0100~-0200 . 524 520 513 511
0200~-0300 509 513 506 506
0300-0400 501 506 501 503
0400-0500 498 498 502 500
0500-0600 501 500 499 501
0600-0700 500 499 502 502
0700-0800 501 498 499 498
0800~0900 499 497 497 496
0900~-1000 496 491 493 493
1000~-1100 489 494 495 492
1100-1200 493 497 495 499
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TIME
U.TG

1900
2000
2100
2200
2300
2400
0100
0200
0300
0400
0500
0600
0700
0800
0900
1600
11o00
1200
1300

TIME
UeTo

2200
2300
2400
0100
0200
0300
0400
0500
0600
0700
0800
0900
1000
1100
1200
1300

Table 3 (continued)
FORT CHURCHILL 58 75N 265.90F CANADA

NEUTRON MONITOR NM=-64

BAROMETER REFERENCE 1010 MILLIBARS
ATTENUATION LENGTH 137.2 MILLIBARS

REAL COUNTS 40 TIMES TABULATED COUNTS
FIVE-MINUTE BAROMETER CORRECTED HOURLY RATES
JANUARY 24-25, 1971

MINUTES AT END OF INTERVAL
05 1o 15 20 25 30 35 40 45

1508 1498 1497 1501 1484 1491 1488 1489 1495
1481 1499 1487 1505 1486 1481 1492 1492 1490
1470 1478 1501 1492 1495 1510 1494 1494 1489
1490 1495 1478 1491 1488 1484 1488 1484 1519
1496 1495 1486 1498 1501 1484 1494 1546 1616
1672 1669 1667 1657 1657 1621 1619 1596 1588

50

1496
1498
1506
1495

55

1488
1479
1483
1497

1640%1672

1615

1594

1604 1583 1578 1566 1583 1555 1576 1547 1550%1550%1566

1527 1547 1525 1546 1535%1526 1528 1507 1536
1516 1496 1517 1520%1520%1521 1511 1519 1516
1537 1516 1529 1513 1521 1505 1516 1508 1522
1510 1518 1503 1495 1517 1487 1501 1507 1498
1516 1497 1521 1517 1515 1515 1507 1497 1507
1505 1486 1497 1500 1529 1533 1498 1517 1510
1495 1518 1505 1488 1507 1506 1514 1529 1503
1492 1504 1501 1508 1532 1510 1498 1492 1526
1500 1510 1511 1515 1504 1506 1521 1496 1525
1511 1509 1516 1496 1512 1492 1512 1511 1490
1503 1508%1513 1507 1511 1510 1494 1502 1503
1522 1524 1501 1508 1519 1497 1519 1514 1507

TIXIE BAY 71e58N 128.9E USSR
NEUTRON MONITOR 18-NM-64

PRESSURE CORRECTED TO 758 MM HG

BAROMETRIC COEFFICIENT ~0.96 PER CENT PER MM
RECALCULATING COEFFICIENT 100

FIVE-MINUTE HOURLY RATES

JANUARY 24-25, 1971

MINUTES AT END OF INTERVAL
05 10 15 20 25 30 35 40 45

551 557 555 550 554 554 552 554 555
567 558 552 557 549 555 558 559 579
592 599 600 601% 600 6&03% 606% 601 602
590% 590% 587% 582 577 582 579 577 578
570 571 567 575 572 565 565 566 565
574 574 575 565 573 564 572 570 564
557 562 563% 560 559 558 562 570% 562
559 563 564 563 561 564% 554 567 566
560 562 557 553 555 564 556 566% 563
553 559 558 559 561 559 553 555 565
557 564 548 563 556 561 557 558 556
551 561 556 557 556 562 560 553 557
559 557 552 551 557 551 554 559 553
551 550 560 559 547 558 553 553 550
558 561% 556 562 558 557 559 555 549
559 556 566 555 563 553 555 561 561
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1537
1516
1516
1537
1505
#1503
1514
1506
1507
1509
1494
1513

HG

50

555
594
600
572
570
565
571
569
559
556
561
555
557
558
552
555

1531
1519
1523
1493
1516
1486
1506
1500
1505
1511
1508
1514

55

545
605%
596
574
572
561
565
557
564
559
556
550
555
556
552
557

60

1495
1491
1521
1497
1690
1591
1540
1534
1520
1513
1519
1522
1506
1513
1516
1514
1530
1488
1513

60

565
601
601
569
565
555
558
561
559
555
547
557
554
552
550
552

AVERAGE

149461
1490,3-
14943
1492.2
15517
1628.8
1566.5
1531.6
1515.8
151842
1507.1
1511.3
150507
150803
150701
150946
150860
1503 .4
1512,.7

AVERAGE

55546
56001
600.1
579.8
568.6
56706
561.8
5620
559,.8
557.8
55740
55643
5550
55408
55545
557.8




TIME
UeTe

2200
2300
2400
0100
0200
0300
0400
0500
0600
0700
0800
0900
1000
1100
1200
1300
1400
1500
1600
1700
1800

TIME
UeTos

2300
2400
0100
0200
0300
0400

KIRUNA

6783N

NEUTRON MONITOR 12-NM-64

CORRECTED TO 720 MM HG

Table 3 (continued)

20e43E

SWEDEN

COEFFICIENT -0099 PER CENT PER MM HG

REAL COUNTS 10 TIMES TABULATED COUNTS

FIVE-MINUTE HOURLY RATES

JANUARY 24-25,

05

5663
5674
5689
6780
6158
5882
5856
5809
5782
5769
5780
5782
5774
5710
5732
5766
5775
5749
5725
5720
5716

10

5669
5690
5660
6625
6178
5864
5879
5841
5816
5813
5742
5776
5757
5766
5765
5732
5777
5746
5678
5751
5751

APATITY

15

5664
5700
5665
6487
6094
5952
5848
5754
5786
5742
5753
5766
5763
5743
5718
5739
5728
5769
5738
5676
5686

1971

MINUTES AT END OF INTERVAL

20

5669
5694
5635
6476
6093
5903
5851
5788
5742
5767
5838
5786
5714
5699
5713
5719
5734
5698
5686
5767
5762

NEUTRON MONITOR

25

5661
5689
5668
6366
6064
5855
5825
5795
5817
5748
5799
5761
5794
5753
5749
5705
5697
5756
5694
5696
5729

675N

UNCORRECTED FOR PRESSURE

30

5639
5637
5667
6296
6040
5851
5879
5855
5835
5744
5767
5722
5796
5732
5741
5737
5720
5741
5728
5702
5693

FIFTEEN-MINUTE HOURLY RATES

JANUARY 24-25,

1971

35

5726
5722
5707
6229
5982
5899
5829
5763
5792
5709
5716
5818
5754
5752
5757
5774
5705
5717
5689
5730
5717

33.3E

MINUTES AT END OF

15

2360
2214
2151
2149
2153

30

2063
2297
2198
2138
2138
2157

140

40

5713
5639
5772
6244
5996
5830
5820
5831
5760
5742
5759
5776
5810
5780
5722
5780
5731
5764
5705
5730
5738

45

5643
5696
6246
5290
6033
5906
5742
5845
5820
5749
5762
5776
5804
5691
5782
5841
5726
5782
5720
5760
5702

USSR

INTERVAL

45

2121
2260
2187
2151
2164
2156

50

5678
5746
6536
6238
5936
5835
5822
5776
5816
5780
5793
5744
5733
5749
5716
5750
5737
5758
5675
5720
5731

55

5631
5685
6721
6139
5976
5874
5818
5811
5819
5798
5747
5736
5725
5733
5795
5737
5700
5729
5709
5720
5719

60 AVERAGE

5656
5648
6761
6237
5957
5852
5820
5797
5762
5789
5795
5776
5753
5754
5747
5761
5746
5775
5683
5669
5751

60

2377
2248
2170
2150
2152
2151

56677
5685.0
59773
63673
604203
587503
58324
5805.4
5795.6
576245
577065
5768.3
576468
573865
5744 .8
5753 ¢4
573163
57487
57025
572061
572446




Table 3 (continued)
BELGRANO T7¢96S 38.8W ANTARCTIC

NEUTRON MONITOR 6-NM-64

UNCORRECTED FOR PRESSURE

REAL COUNTS 32 TIMES TABULATED COUNTS
FIVE-MINUTE HOURLY RATES

JANUARY 24-255, 1971

TIME MINUTES AT END OF INTERVAL

UeTe 05 10 15 20 25 30 35 40 45 50 55 60 AVERAGE

-2300 580 588 585 567 574 585 581 581 582 576 562 581 5777
3588-2480 573 572 573 579 579 578 574 588 601 629 643 675 5970
0000-0100 690 684 671 664 657 644 615 622 626 616 612 624 64348
0100-0200 608 621 619 607 613 618 608 612 618 612 612 610  613.2
0200-0300 605 623 616 603 604 596 585 598 599 595 596 600  60le7
0300-0400 599 583 590 602 599 583 608 597 5602 601 592 604 5967
0400-0500 598 594 596 589 607 618 586 596 608 601 602 601 5997
0500-0600 596 603 591 598 596 597 595 598 598 595 598 611 sgg.g
0600-0700 602+1
0700-0800 6013
0800-0900 603.2
0900-1000 6019
1000-1100 6043
1100-1200

JURY) 6540N  25e4E F INLAND

NEUTRON MONITOR 9~NM-64
UNCORRECTED FOR PRESSURE

FIVE-MINUTE HOURLY RATES

JANUARY 24~-25, 1971

TIME MINUTES AT END OF INTERVAL

UeTo 05 10 15 20 25 30 35 40 45 50 55 60 PRESSURE
0000-0100 470 476 481 483 468 481 477 476 473 478 475 477 993 .4
0100-0200 479 481 480 473 474 472 471 475 482 476 480 476 993 .4
0200~-0300 476 481 478 487 477 477 474 4T4 482 478 480 477 993,0
0300-0400 479 478 482 476 488 474 479 476 478 478 483 482 99204
0400~-0500 477 479 486 483 4T9 482 4B2 476 48B4 483 481 484 992,2
0500-0600 481 487 480 480 475 474 482 482 477 482 479 481 992,2
0600-0700 477 475 481 482 480 481 479 486 481 482 482 484 992,1
0700-0800 484 490 476 476 476 478 478 486 477 474 483 477 992,1
0800-0900 475 483 482 483 48B4 473 474 479 474 480 490 481 992.2
0900-1000 486 478 479 477 478 489 481 484 478 478 478 474 992.2
1000-1100 480 480 482 475 471 479 475 483 478 474 477 480 992.2
1100-1200 482 476 480 480 479 476 483 482 478 471 476 482 992.3
1200~1300 481 490 486 472 482 490 481 490 474 476 480 483 992.3
1300-1400 474 483 477 487 480 478 480 487 478 482 481 479 992,60
1400~-1500 478 483 482 480 483 478 479 486 483 488 482 481 991.8
1500-1600 478 47T 486 480 491 498 481 488 482 481 481 488 991 .6
1600-1700 480 480 491 487 486 480 490 483 487 484 487 493 9910
1700-1800 480 483 490 487 489 488 492 484 480 490 484 493 99063
1800-1900 492 495 494 496 491 499 497 493 488 492 505 490 9895
1900~-2000 499 503 498 494 501 497 489 500 498 501 490 502 988a7
2000-2100 499 490 501 496 500 498 506 500 498 502 500 502 98749
2100~2200 500 505 500 498 501 508 503 502 498 496 491 496 98742
2200~2300 508 505 502 499 510 505 499 506 505 510 510 503 98646
2300~2400 509 499 502 503 504 511 506 520 537 559 580 589 985.9
0000-0100 580 577 565 563 559 559 566 552 551 54] 552 548 98560
0100~0200 546 550 543 546 543 540 536 541 539 529 533 528 984,0
© 0200~0300 533 532 528 530 527 529 520 526 528 531 534 532 983,2
0300-0400 528 523 531 541 531 530 529 535 53] 535 537 534 98246
0400~0500 535 526 526 534 533 528 533 532 534 526 531 532 9821
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0500-0600
0600-0700
0700-0800
0800-0900
0900~1000
1000-1100
li00-1200
1200-1300
1300~-1400
1400-1500
1500-1600
1600~1700
17060-1800
1800~1900
1900-2000
2000-2100
2100~-2200
22002300
2300~2400

TIME
UeTe

2200~2300
2300~-2400
0000-0100
0100-0200
0200-0300
0300-0400
0400-0500
0500-0600
0600-0700
0700-0800
0800-0900
0900-1000
1000-1100
1100-1200
1200-1300
1300~1400

TIME
UeTe

2200-2300
2300-2400
2400-0100

Table 3 (continued)

532 533 537 529 530 520 531 523 531 532 533 5633 981l.6
533 530 530 529 532 537 538 527 530 542 536 531 9811
534 537 538 536 538 537 535 532 541 531 527 535 98045
543 536 535 533 538 535 543 541 534 533 538 536 979.9
538 548 535 545 539 537 544 541 542 544 540 537 979.3
533 546 535 537 542 543 544 542 537 537 545 542 97869
546 533 540 542 538 543 537 540 533 538 540 549 97865
540 542 540 547 543 545 544 542 547 546 548 553 978.3
548 547 546 544 546 542 546 543 543 539 554 539 97842
537 541 541 546 548 548 550 546 543 543 550 547 9779
537 542 545 549 543 543 547 542 556 542 536 545 977.8
545 538 545 542 551 548 544 547 546 542 544 548 9TT7eT
549 541 549 551 539 552 538 547 6542 548 554 547 9776
546 555 553 543 546 549 539 539 550 550 544 545 9775
552 543 546 547 548 543 539 541 550 552 544 547 9776
548 542 540 541 541 545 541 540 536 547 545 549 97769
538 543 539 545 541 542 544 539 540 550 548 543 9784
536 535 538 539 547 532 544 531 536 534 537 532 97961
537 541 544 535 541 534 537 538 539 543 539 539 9797
DEEP RIVER 461N TTe3W CANADA
NEUTRON MONITOR 48-NM-64
REAL COUNTS 300 TIMES TABULATED COUNTS
FIVE-MINUTE BAROMETER CORRECTED HOURLY RATES
JANUARY 24-25, 1971
MINUTES AT END OF INTERVAL
05 10 15 20 25 30 35 40 45 50 55 60 AVERAGE
6423 6430 6483 6471 6483 6453 6453 6453 5470 6482 6482 6482 6464
6446 6505 6499 6480 6474 6427 6527 6775 6912 7089 7243 7255 6719
7298 7262 7120 7089 7094 7064 7040 7033 6991 6925 6866 6890 7056
6866 6883 6864 6834 6752 6752 6757 6710 6715 6685 6690 6707 6768
6689 6665 6682 6710 6662 6656 6685 6644 6603 6626 6666 6619 6659
6590 6601 6583 6606 6618 6590 6590 6561 6538 6585 6573 6596 6586
6578 6618 6542 6577 6583 6646 6593 6529 6564 6580 6557 6552 65717
6511 6557 6511 6546 6534 6511 6562 6585 6493 6505 6510 6510 6528
6526 6520 6526 6521 6538 6526 6480 6533 6526 6538 6526 6538 6525
6549 6549 6503 6533 6510 6498 6526 6520 6485 6531 6502 6513 6518
6536 6536 6541 6525 6525 6479 6548 6548 6491 6507 6530 6548 6526
6525 6513 6513 6520 6543 6582 6513 6530 6491 6531 6520 6520 6525
6508 6515 6510 6516 6505 6562 6562 6482 6557 6529 6610 6524 6532
6547 6507 6484 6565 6496 6502 6497 6538 6515 6503 6510 6527 6516
6579 6505 6528 6563 6546 6518 6536 6559 6577 6577 6537 6543 6547
6491 6498 6563 6504 6493 6512 6523 6518 6548 6566 6549 6532 6525
SANAE 70635 020 35W ANTARCTICA
NEUTRON MONITOR 3-NM=-64
CORRECTED TO 980 MILLIBARS
COEFFICIENT 0.73 PER CENT PER MILLIBAR
REAL COUNTS 10 TIMES TABULATED VALUES
TEN-MINUTE HOURLY RATES
JANUARY 24-25, 1971
MINUTES AT END OF INTERVAL
10 20 30 40 50 60 AVERAGE
2354 2388 2388 2367 2354 2380 2371.8
2307 2342 2377 2442 2590 2625 2447.2
2570 2597 2601 2579 2544 2527 256947
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Table 3 (continued)

0100-0200 2489 2500 2448 2509 2443 2434 2473,8
0200-0300 2375 2401 2419 2445 2428 2418 2414,.3
0300-0400 2328 2442 2398 2407 2350 2389 2385,7
0400—-0500 2352 2422 2427 2387 2383 2392 2393,8
0500-0600 2333 2416 2430 2381 2394 2394 2391,3

PORT AUX FRANCAIS 490355 T0.25E KERGUELEN ISLAND
NEUTRON MONITOR 18~NM-64

CORRECTED FOR BAROMETRIC PRESSURE

COEFFICIENT 1001 PER CENT PER CM HG

MULTIPLY INDICATED NUMBERS BY 40

FIVE-MINUTE HOURLY RATES
JANUARY 24~25, 1971

TIME MINUTES AT END OF INTERVAL
UeTe 05 10 15 20 25 30 35 40 45 50 55 60
1200-1300 1544 1541 1548 1539 1542 1536 1541 1540 1521 1550 1548 1536
1300-1400 0000 0000 1531 1556 1542 1548 1554 1522 1535 1514 1526 1535
1400~1500 1542 1535 1530 1541 1526 1535 1539 1521 1526 1532 1527 1520
1500~1600 1517 1525 1522 1522 1532 1530 1526 1532 1523 1528 1537 1535
1600~1700 1538 1516 1510 1526 1521 1531 1533 1535 1519 1517 1508 1531
1700~1800 1537 1526 1514 1544 1510 1534 1533 1521 1517 1505 1510 1520
1800-1900 1507 1516 1519 1521 1507 1526 1516 1532 1531 1515 1532 1518
1900-2000 1523 1509 1512 1506 1519 1513 1508 1531 1507 1522 1510 1530
2000~2100 1529 1516 1546 1534 1539 1525 1517 1523 1522 1527 1529 1549
2100-2200 1539 1553 1536 1546 1540 1539 1539 1554 1537 1537 1553 1537
2200-2300 1530 1537 1544 1540 1550 1537 1520 1531 1507 1534 1516 1517
2300-2400 1540 1516 1529 1553 1531 1523 1538 1588 1658 1651 1665 1656
0000-0100 1660 1679 1682 1664 1662 1665 1648 1665 1616 1649 1639 1635
0100~0200 1624 1626 1605 1624 1615 1602 1608 1593 1604 1578 1591 1582
0200-0300 1588 1604 1589 1566 1595 1593 1584 1576 1572 1578 1586 1580
0300-0400 1567 1586 1576 1558 1583 1576 1561 1557 1564 1559 1547 1568
0400~-0500 1567 1570 1570 1573 1555 1576 1557 1568 1551 1555 1555 1551
0500~0600 1558 1555 1561 1548 1574 1554 1551 1547 1559 1568 1544 1557
0600~0700 1551 1558 1549 1568 1567 1550 1574 1580 1565 1576 1554 1562
0700-0800 1557 1549 1561 1562 1558 1579 1559 1544 1546 1550 1571 1550
0800-0900 1562 1544 1571 1570 1578 1563 1546 1552 1585 1556 1542 1559
0900-1000 1555 1549 1555 1558 1569 1553 1544 1564 1543 1561 1544 1553
1000-1100 1561 1570 1547 1554 1562 1565 1549 1546 1556 1570 1553 1549
1100~-1200 1557 1553 1555 1556 1561 1548 1560 1550 1534 1546 1530 1535
MT WASHINGTON 44 03N 288.7E NEW HAMPSHIRE

IGY NEUTRON MONITOR
CORRECTED FOR BAROMETRIC PRESSURE
FIVE-MINUTE HOURLY RATES

JANUARY 24-25, 1971

TIME MINUTES AT END OF INTERVAL

UeToe 05 10 15 20 25 30 35 40 45 50 55 60 AVERAGE
2000-2100 172 170 174 171 172 171 174 170 173 173 174 172 172.3
2100~2200 175 172 174 174 174 171 176 175 172 174 175 174 173.8
2200~2300 175 175 174 173 174 172 173 175 176 173 171 177 17441
2300-2400 174 175 173 171 173 174% 175 187 196 203 207 203 18463
2400~0100 204 208 207 204 202 196 195 192 191 187 185 193 19649
0100-0200 194 189 185 185 183 183 180 183 182 181 179 180 183.6
0200~-0300 181 185 177 183 184 181 182 179 174 179 181 177 180.3
0300~-0400 176 180 181 177 176 175 179 179 178 178 176 177 177.6
0400-0500 180 175 178 180 174 179 178 174 178 179 179 175 17765
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TIME
U.TO

2000-2100
2100-2200
2200~2300
2300-2400
2400-0100
0100-0200
0200-0300
0300-0400
0400-0500

TIME
UeTo

2200
2300
2400
0100
0200
0300
0400
0500
0600
0700
0800
0900
1000
1100
1200
1300
1400
1500
1600
1700
1800

Table 3 (continued)
DURHAM 4361N 289.1E NEW HAMPSHIRE

NEUTRON MONITOR 12-NM-64
CORRECTED FOR BAROMETRIC PRESSURE
FIVE~-MINUTE HOURLY RATES

JANUARY 24-25, 1971

MINUTES AT END OF INTERVAL
05 10 15 20 25 30 35 40 45 50 55

116 117 116 116 116 116 117 118 117 118 116
117 117 116 117 116 117 115 117 117 115 117
118 119 117 115 118 117 115 117 117 114 119
117 117 118 116 116 117 117 122 127 129 129
129 128 126 129 124 126 123 122 122 122 123
122 121 122 120 120 122 121 119 120 120 118
120 119 119 118 118 118 118 120 119 118 119
119 117 11e 117 118 120 118 117 121 117 119
117 119 115 118 117 119 117 119 118 118 119

UPPSALA 59.85N 17.58E SWEDEN
IGY NEUTRON MONITOR

CORRECTED TO 75775 MM HG

COEFFICIENT -0.986 PER CENT PER MM HG

SCALING FACTOR 265

FIVE-MINUTE HOURLY RATES

JANUARY 24-25, 1971

MINUTES AT END OF INTERVAL
05 10 15 20 25 30 35 40 45 50 55

1800 1816 1798 1803 1868 1788 1806 1804 1825 1814 1798
1814 1788 1840 1846 1799 1789 1791 1799 1807 1830 1828
1852 1870 1859 1791 1786 1797 1840 1940 1966 1982 1908
2007 2047 1956 1940 1967 1931 1949 1937 2003 1990 1940
1938 1901 1899 1920 1894 1869 1878 1906 1857 1868 1868
1881 1862 1808 1851 1856 1886 1842 1897 1865 1876 1878
1824 1871 1870 1816 1897 1838 1869 1848 1847 1878 1885
1805 1822 1829 1825 1854 1860 1907 1882 1857 1857 1821
1858 1809 1866 1844 1836 1852 1851 1871 1781 1848 1827
1811 1829 1904 1865 1802 1860 1813 1890 1841 1821 1869
1820 1824 1868 1854 1853 1854 1820 1945 1884 1884 1863
1774 1835 1823 1875 1797 1889 1878 1826 1813 1875 1837
1852 1827 1847 1832 1821 1820 1868 1852 1814 1915 1818
1818 1871 1836 1804 1842 1850 1862 1835 1882 1908 1802
1820 1834 1842 1805 1863 1853 1828 1829 1807 1856 1764
1870 1822 1805 1809 1867 1817 1804 1848 1887 1795 1801
1829 1869 1840 1895 1829 1799 1880 1783 1840 1803 1827
1797 1842 1830 1802 1858 1821 1821 1894 1843 1787 1824
1826 1855 1827 1798 1802 1806 1828 1797 1849 1788 1867
1856 1849 1800 1844 1789 1774 1847 1849 1810 1820 1831
1801 1848 1816 1889 1840 1850 1802 1855 1783 1820 1817
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60

115
115
117
128
121
120
117
117
115

60

1871
1783
1987
1934
1838
1846
1801
1794
1855
1840
1838
1810
1860
1820
1819
1809
1855
1897
1826
1797
1880

AVERAGE

11666
116.3
11648
121.1
12465
120e4
11865
118.1
11765

AVERAGE

1815.9
1809.5
1881.5
196645
1886463
186243
1853,.7
1842.8
184145
1845.4
1858.9
1836.0
1843,.8
184442
1826.7
1827.8
1837.4
1834467
1822.4
1822.2
183304




Table 3 (continued)
MAGADAN 60:11N 151.01E USSR

NEUTRON MONITOR 18-NM-64

CORRECTED TO 980 MILLIBARS

BAROMETRIC COEFFICIENT -0.74 PER CENT PER MILLIBAR
RECALCULATING COEFFICIENT 64

FIFTEEN-MINUTE HOURLY RATES

JANUARY 24-255 1971

TIME MINUTES AT END OF INTERVAL

UeTo 15 30 45 60
2200 1801 1810 1802 1804
2300 1796 1800 1867 1968
2400 1910 1892 1860 1846
0100 1845 1841 1845 1843
0200 1845 1841 1845 1843
0300 1829 1812 1814 1818
0400 1816 1810 1800 1811
0500 1812 1808 1815 1817
0600 1814 1811 1800 1805
0700 1801 1814 1814 1798
0800 1811 1792 1805 1802
0900 1796 1818 1795 1806

LEEDS 53 <8N 0le5W ENGLAND

IGY NEUTRON MONITOR
REAL COUNTS 100 TIMES TABULATED COUNTS
FIVE-MINUTE BAROMETER CORRECTED RATES

JANUARY 24-25, 1971

TIME MINUTES AT END OF INTERVAL

UeTo 05 10 15 20 25 30 35 40 45 50 55 60 AVERAGE
0000~-0100 522 525 526 526 525 526 527 528 529 525 531 524 52602
0100~-0200 523 528 530 529 523 526 526 526 528 530 529 526 527,0
0200-0300 525 525 530 527 527 527 531 531 526 520 528 532 527.3
0300-0400 530 528 524 533 523 527 527 527 527 521 528 530 527.0
0400-0500 530 531 524 528 526 521 528 524 522 528 523 522 52568
0500-0600 525 525 530 530 531 527 523 523 532 524 529 525 52701
0600-0700 525 525 526 526 523 53p 530 526 526 527 531 516 52660
0700~-0800 523 528 524 525 523 523 524 527 522 523 527 529 524,8
0800~0900 527 524 529 525 520 528 527 523 526 528 523 530 52509
0900-1000 323 531 527 527 527 530 529 524 524 523 528 524 52605
1000-1100 527 526 529 530 522 525 525 534 530 528 530 523 5274
1100-1200 523 528 535 526 529 527 522 518 530 525 532 528 527.0
1200-1300 526 522 529 527 528 529 525 525 526 529 531 528 527.0
1300-1400 523 525 527 531 520 522 526 524 530 524 530 526 525.6
1400-1500 526 527 527 524 529 531 526 527 523 525 519 527 525.8
1500~1600 529 524 530 522 526 528 528 523 526 525 525 522 52506
1600-1700 524 529 521 522 526 525 522 525 522 523 522 528 5241
1700-1800 529 525 523 523 526 526 527 529 528 528 531 519 52601
1800~1900 528 524 523 524 525 523 526 531 521 528 525 525 525.3
1900-2000 525 518 519 530 531 525 526 526 528 529 526 524 52546
2000-2100 526 524 528 529 525 525 527 528 526 522 528 528 5263
2100~-2200 524 526 525 521 525 526 521 524 526 527 527 523 52406
2200-2300 527 524 529 520 527 526 524 530 530 520 528 528 52643
2300~2400 531 522 523 519 530 527 529 536 556 556 552 556 53604
0000-0100 547 548 547 540 538 539 537 537 536 538 536 540 54003
0100-0200 533 538 546 532 536 534 540 533 535 531 535 533 53566
0200~-0300 536 532 539 533 532 531 530 533 534 535 532 532 53363
0300-0400 528 527 538 532 529 531 531 527 528 538 531 528 53046
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0400-0500
0500-0600
0600-0700
0700-0800
0800-0900
0900-1000
1000~-1100
1100-1200
1200-1300
1300-1400
1400-1500
1500-1600
1600-1700
1700-1800
1800-1900
1900-2000
2000-2100
2100-2200
2200-2300
2300-2400

TIME
UoTo

2200
2300
2400
0loo0
0200
0300
0400
0500
0600
0700
0800
0900
1000
1100
1200
1300

Table 3 (continued)

530 530 533 534 527 533 531 535 530 526 530 527
526 530 528 534 527 532 535 524 530 534 530 527
531 526 534 534 533 526 529 531 532 537 531 534
529 534 533 531 533 535 535 528 535 534 528 533
531 533 532 535 532 531 534 537 540 536 532 536
533 535 536 536 539 531 537 535 533 532 533 544
533 529 530 534 532 533 533 533 529 532 534 535
537 529 526 529 530 530 533 530 536 527 535 534
530 528 533 526 538 529 522 526 538 526 531 529
532 526 531 531 530 527 528 529 523 529 525 526
522 534 0 531 528 530 531 524 521 531 538 525
525 531 528 0 0 532 526 527 525 533 527 524
532 531 529 0 528 528 526 526 522 528 531 528
530 530 530 526 528 526 523 532 532 534 525 525
531 530 524 527 536 534 526 529 530 534 529 528
531 529 535 534 530 529 528 530 528 530 530 525
532 526 525 532 524 529 525 529 525 524 528 528
529 532 530 530 525 528 527 528 526 529 526 528
530 529 528 530 527 526 531 530 529 533 535 526
532 523 532 526 522 526 526 526 528 533 527 53
KIEL 54+433N 10.10E GERMANY
NEUTRON MONITOR 18-NM-64
FIVE-MINUTE BAROMETER CORRECTED RATES
JANUARY 24~25, 1971
MINUTES AT END OF INTERVAL
05 10 15 20 25 30 35 40 45 50 55 60
4916 4894 4916 4859 4877 4929 4953 4897 4934 4919 4938 4924
4952 4926 4882 4935 4873 4870 4934 5034 5127 5156 5128 5145
5094 5107 5077 5033 5045 5061 4996 5052 5055 4979 5019 5043
4969 5024 4909 5020 4977 5003 4949 5000 4949 4973 5037 5019
5018 4952 4958 4950 4959 4907 4986 4970 4969 4989 4937 4960
4942 4973 4966 4936 4991 4939 4990 4916 4891 4923 4960 4963
4961 4970 4956 4999 4918 5003 4927 4976 4955 4954 4963 4975
4981 4976 4943 4920 4947 4992 4964 4905 4986 4995 4927 4958
4936 4990 4953 4930 4955 5005 4951 4954 4940 5010 5006 5024
4998 4965 4953 4972 4972 4998 4964 4962 4976 4940 4934 4993
4978 4958 4987 4938 4993 4984 4938 4933 5002 4992 4992 4972
4979 4953 5013 4990 4976 4958 5040 4955 4946 4952 4943 4902
4885 4903 4940 5018 4952 4903 4923 5000 4928 4931 4944 4909
4954 4974 4946 4965 4912 4936 4957 4937 4943 4939 4959 4941
4985 4972 4962 4911 4920 4947 4935 4899 4929 4933 4939 4933
4987 4934 4932 5024 4893 4977 4960 4958 4938 4944 4960 4915
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53006
529.8
53167
53243
534,1
535,.2
532.3
53162
529.8
52840
*¥52867
*#52840
#528,0
528,5
529,9
529,9
527.2
528.3
529.6
5274




TIME
U.T.

2200
2300
2400
0loo
0200
0300
0400
0500
0600
0700
0800
0900
1600
1lo00
1200
1300

TIME
UeTo

2000
2100
2200
2300
2400
0100
0200
0300
0400
0500
0600

MOSCOW

Table 3 (continued)

5504 7N

NEUTRON MONITOR SNM

CORRECTED FOR PRESSURE

376.3E

USSR

BAROMETRIC COEFFICIENT =071 PER CENT PER MILLIBAR

RECALCULATING COEFFICIENT 64

FIFTEEN-MINUTE HOURLY RATES

JANUARY 24-25,

IRKUTSK

1971

MINUTES AT END OF INTERVAL

15 30
1124 1124
1117 1127
1130 1122
1121 1113
1177 1165
1134 1135
1128 1130
1131 1133
1128 1134
1115 1132
1135 1131

52e45N 104.03E

NEUTRON MONITOR 18-NM-64

CORRECTED TO MILLIBARS

USSR

45

1112
1135
1124
1122
1143
1139
1126
1130
1140
1140
1133

BAROMETRIC COEFFICIENT —0o74 PER CENT PER MILLIBAR

RECALCULATING COEFFICIENT 64

FIVE-MINUTE HOURLY RATES

JANUARY 24-25,

05

835
844
851
851
853
859
850
861
852
860
863
855
853
855
854
848

10

851
851
854
850
851
866
872
857
863
846
850
849
846
851
855
962

15

843
847
854
848
863
862
863
866
857
850
856
860
850
845
844
849

1971
MINUTES
20 25

843 827
842 847
854 856
849 850
848 855
833 848
858 867
860 868
848 872
851 862
861 854
851 853
846 854
853 850
854 849
851 853

AT END
30

856
844
855
862
855
855
861
861
865
856
848
851
861
849
851
859
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OF
35

849
855
860
848
853
868
853
967
854
856
849
868
850
864
864
856

INTE
40

840
863
859
847
848
855
855
865
879
855
850
850
855
844
845
853

RVAL
45

850
859
848
846
848
865
865
862
866
346
354
851
861
850
843
855

50

840
871
868
838
849
860
859
867
860
852
850
860
856
858
848
867

55

844
862
849
845
840
855
858
859
855
841
851
860
844
856
852
854

60

847
871
853
849
845
854
861
863
873
852
854
851
851
857
855
857

60

1131
1131
1112
1149
1141
1133
1132
1132
1144
1130
1143

AVERAGE

843.8
85467
85561
848,6
85067
85607
860.2
87163
862.0
852.3
853.3
854,49
85243
852.7
85142
863.7




Table 3 (continued)
LOMNICKY STIT 492N 20.22E CZECHOSLOVAKIA

IGY NEUTRON MONITOR
SCALING FACTOR 8
TEN-MINUTE BAROMETER CORRECTED RATES

JANUARY 24-25, 1971

TIME MINUTES AT END OF INTERVAL

UaToe 10 20 30 40 50 60 AVERAGE
2200 816 840 832 838 842 832 830.1
2300 814 834 814 840 838 842 830,3
2400 827 836 819 856 821 827 831.1
0100 825 832 829 831 816 818 825.3
0200 827 863 823 832 820 836 833.8
0300 823 8§22 844 834 803 803 821,6
0400 835 841 814 814 820 821 824,01
0500 805 804 827 815 820 819 815,.3
0600 843 833 814 834 834 830 83103
0700 822 807 821 835 827 841 82545
0800 844 834 827 832 816 832 831.0
0900 828 850 834 823 819 844 833,0
1000 821 817 837 813 831 836 82509
1100 823 804 824 828 828 817 820e4
1200 841 833 810 831 834 814 827,2

DALLAS 32.78N 96.80W TEXAS

NEUTRON MONITOR NM—64
REAL COUNTS 40 TIMES TABULATED COUNTS
FIVE-MINUTE BAROMETER CORRECTED HOURLY RATES

JANUARY 24-255 1971

TIME MINUTES AT END OF INTERVAL

UaTo 05 10 15 20 25 30 35 40 45 50 55 60

1800 1485 1490 1504 1483 1500 1493 1509 1482 1503 1489 1472 1472
1900 1484 1493 1497 1497 1507 1485 1490 1469 1482 1485 1487 1485
2000 1484 1491 1487 1498 1484 1493 1493 1486 1496 1491 1475 1485
2100 1489 1477 1487 1497 1490 1500 1485 1476 1478 1470 1474 1488
2200 1494 1487 1497 1517 1500 1485 1488 1511 1496 1506 1476 1497
2300 1509 1490 1488 1503 1509 1477 1503 1518 1493 1519 1519 1507
2400 1483 1491 1492 1498 1500 1493 1497 1506 1503 1489 1497 1511
0lo00 1523 1512 1493 1497 1504 1496 1482 1496 1478 1500 1492 1500
0200 1505 1501 1490 1499 1511 1476 1510 1500 1491 1499 1503 1497
0300 1500 1513 1496 1493 1497 1496 1485 1515 1495 1474 1469 1481
0400 1498 1500 1486 1493 1488 1491 1497 1491 1494 1506 1473 1478
0500 1485 1500 1482 1487 1482 1476 1494 1488 1476 1486 1487 1478
0600 1487 1498 1487 1482 1481 1479 1494 1498 1464 1487 1486 1499
0700 1487 1488 1498 1503 1492 1497 1498 1484 1488 1501 1483 1481
0800 1497 1484 1492 1496 1500 1494 1495 1490 1464 1482 1502 1493
0900 1497 1494 1486 1485 1493 1485 1490 1499 1519 1497 1499 1477
1000 1506 1496 1495 1494 1483 1489 1479 1471 1479 1502 1492 1490
1100 1491 1493 1514 1497 1508 1488 1498 1508 1498 1485 1501 1505
1200 1500 1507 1499 1503 1491 1507 1498 1501 1490 1511 1506 1487
1300 1477 1499 1488 1507 1495 1473 1501 1481 1507 1491 1497 1488
1400 1492 1487 1496 1495 1505 1502 1505
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TIME
UoToe

0lo0
0200
0300
0400

0500

0600
0700
0800
0900
1000
1100
1200
1300
laoo
1500
1600
1700
1800
1900
2000
2100
2200
2300
2400
0100
0200
0300
0400
0500
0600
0700
0800
0900
1000
1100
1200
1300
1400
1500
1600
1700
1800
1900
2000
2100
2200
2300

ROME

Table 3 (continued

419N

NEUTRON MONITOR 9-~NM-64

UNCORRECTED FOR PRESSURE

12.5E

ITALY

PROVISIONAL BAROMETRIC COEFFICIENT 9.2 PER CENT PER CM HG

SCALING FACTOR 100

FIFTEEN-MINUTE HOURLY RATES

JANUARY 24~25,

15

714
715
708
723
710
729
718
727
725
725
725
737
738
745
743
741
739
748
743
735
721
721
726
725
711
713
715
710
716
705
700
705
698
707
710
714
713
722
724
718
727
733
741
740
727
728
733

1971

MINUTES AT END OF INTERVAL

30

714
717
709
721
720
713
725
719
728
726
736
735
739
752
739
738
735
731
739
735
726
715
726
717
718
710
704
707
715
706
715
710
713
709
715
716
711
725
721
717
719
734
722
721
733
735
739

149

45

719
728
710
712
718
Ti4
728
727
729

732

T41
732
742
758
741
739
737
735
742
736
727
718
716
715
710
713
713
718
709
713
703
7236
710
711
716
719
717
720
723
720
734
736
735
734
735
732
124

60

718
712
715
715
720
721
728
723
723
727
736

748
741
738
T42
734
737
740
734
723
721
723
720
712
712
706
717
717
707
712
706
714
710
717
716
716
723
720
717
729
728
730
728
733
736
731

PRESSURE

75762
75701
75701
75669
75646
75644
75600
755.9
75566
75504
754 .1
75348
75300
7526
753.1
7533
753,8
754,3
75404
75540
75600
75608
756.8
75761
7579
75842
75864
75845
75805
759.0
75902
7593
75902
758.8
757.8
757.6
75761
756465
T56.4
75663
75567
75563
75500
755, 2
75565
75565
755.8




Table 3 {continued)

MT NORIKURA 36.11IN 137.55E JAPAN
NEUTRON MONITOR 4-~NM-64

PRESSURE CORRECTED TO 540 MM HG

COEFFICIENT —0e85 PER CENT PER MM HG

SCALE OF 64

FIFTEEN-MINUTE HOURLY RATES

JANUARY 24-25, 1971

TIME MINUTES AT END OF INTERVAL
UeTe 15 30 45 60 AVERAGE
2200-2300 2536 2531 2552 2554 254342
2300-2400 2539 2557 2544 2557 25492
2400-0100 2557 2582 2582 2582 2575.7
0100-0200 2588 2564 2569 2569 257265
0200-0300 2577 2557 2557 2544 2558,7
0300-0400 2572 2539 2562 2554 255647
0400~-0500 2526 2572 2580 2534 2553,0

ITABASHI 35¢75N 139.71E JAPAN

NEUTRON MONITOR 9~NM-64

PRESSURE CORRECTED TO 1013.3 MILLIBARS
COEFFICIENT -070 PER CENT PER MILLIBAR
SCALE OF 64

TEN-MINUTE HOURLY RATES

JANUARY 24-25, 1971

TIME MINUTES AT END OF INTERVAL

UeToe 10 20 30 40 50 60 AVERAGE
2200-2300 584 589 579 577 575 576 580.0
2300-2400 575 576 574 575 575 576 57561
2400~-0100 574 579 587 593 585 585 583.8
0100-0200 585 592 583 578 589 578 584.1
0200-0300 579 595 581 587 586 590 58643
0300-0400 584 589 591 584 586 581 585,8
0400-0500 583 583 580 579 586 577 581.3
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Fig. 3. January 24-25, 1971 Neutron Monitor Data from Durham.
(Cut-off Rigidity = 1.41).
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Cosmic-Ray Trajectory Calculations for Selected High Latitude Stations
Appropriate for the Solar Cosmic-Ray Events in 1971

by

M. A, Shea and D. F. Smart
Air Force Cambridge Research Laboratories
Bedford, Massachusetts

It has been shown by Gall et al, [1968] that the external magnetic sources control-
ling the fields in the earth's magnetic cavity can have an effect on the amount of geo-
magnetic bending cosmic-ray particles of rigidities less than a few GeV undergo in their
passage through the magnetosphere to arrive at a specific location on the earth. This
effect, which is particularly significant for particles arriving at high latitude (A > 55°)
stations, is also a function of local time. Comsequently, it is important to account for
the variation in the amount of geomagnetic bending in trying to ascertain the interplanetary
flux and direction from the data recorded by ground-level detectors [Shea and Smart, 1970].
The purpose of this paper is to present the results of a set of cosmic-ray trajectory cal-
culations detailing the approach directions for the high latitude ground-level cosmic-ray
stations observing the cosmic-ray events of January 24 and September 1, 1971, These cal-
culations have been made for the local time of each station during each event.

The accuracy of these types of calculations is highly dependent upon the magnetic field
model parameters utilized and the relative merits of the various field model configurations
are presently a matter of debate in the scientific community [Morfill, 1971]. Since the
results of this type of calculation are highly dependent on the model used, it is necessary
to describe in some detail the manner in which the magnetic fields are combined and the
trajectories calculated in this field, The quiescent magnetospheric model we have used is
based on the model derived by Williams and Mead [1965]1 and contains magnetic fields of both
internal and external origin, The cosmic-ray trajectory calculations were restricted to the
domain of the earth's magnetic cavity (i.e. the magnetosphere) represented by a boundary
generated by a surface of revolution about the earth-sun line composed on the day side by a
hemisphere of radius 13.9 earth radii centered at -3.5 earth radii and extended into a trun-
cated cone whose generators form an angle of 15.3 degrees with the earth-sun line. Within
this domain the magnetic field at any point in the magnetosphere is considered to be com-
posed of an internal field (Bint) represented by the Gaussian expansion with IGRF coeffi-
cients [IAGA Commission 2, Working Group 4, 1969] and an external field (Bext) as developed
by Williams and Mead [1965].

The external field consists of sources due to currents flowing on the magnetopause and
in the magnetospheric tail. It is explicit in this model that the solar wind is flowing
perpendicular to the dipole axis and that these external fields are a function of position
in dipole coordinates and local time. Perturbations of the geomagnetic field or any possible
contributions due to ring currents are not included in this model, The expressions for the
external sources were limited to two terms based on the work of Gall et al, [1969] who have
shown by field line tracing that this limitation generates a magnetopause which nearly co-
incides with the boundary as described previously and as shown in Figure 1.

The magnetic field at any point inside
the magnetosphere is given by the equation

Biotal = ﬁint ®R,@ , é ) +d§ext (r, 0, 7T)

exe =B, (r,0,7) 4B (x, 0, 9).

The internal field is expressed in geo~
centric coordinates, R, , % , while the
Williams and Mead external field, symmetric
with respect to the geomagnetic equator and the
noon~-midnight meridian, is computed in geomag-
netic coordinates (r, ©,7). At each iteration
step the geomagnetic components of the external
field are transformed by using the matrix & '

into geographic components. 7 is the local

time measured in degrees which corresponds to Fig., 1, TIllustration of field lines
the angle in geomagnetic coordinates between in the model magnetosphere.

the meridian of the anti-solar point and the

meridian of the current particle position.
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A tail configuration of R; = 10 earth radii and R, = 40 earth radii (the inward -
and outward termination points of the neutral sheet in the tail, respectively) and Bes
(the tail field associated with the current sheet) adjusted to 40 7} was utilized.

The cosmic-ray trajectories were calculated in the following manner., For each
station the differential equation describing the motion (r = (q/m) T X B) of a charged
particle of mass m and charge g in the previously described magnetic field was solved at
selected rigidities by using the Runge-Kutta integration method (See McCracken et al.
[1962] for details of this process). In these calculations the step length employed in
the Runge Kutta process was about 1/100 of the distance traversed during a Larmor gyra-
tion. The particles were started at an altitude of 30 km in the radial (vertical)
direction with the calculations for each station made at the local mean solar time cor-
responding to the particle increase (0000 UT for the event of January 24-25, 1971, and
2100 UT for the event of September 1, 1971). The asymptotic directions of approach* were
calculated at the position where (1) the orbit penetrated the magnetopause or (2) the
orbit extended into the magnetospheric tail to a distance greater than 20 earth radii.
Orbits that intersected the solid earth, or failed to reach an allowed solution by
100,000 iterative steps were declared "forbidden".

The asymptotic cones of acceptance for relativistic solar protons (0.09-10.0 GV) for
selected high latitude stations appropriate for 0000 UT and 2100 UT are illustrated in
Figures 2 and 3, respectively, Inspection of these figures shows that although these
calculations were made for time periods separated by only three hours, noticeable
differences in the amount of geomagnetic bending can be seen for some of these stations.

QHHEOH RN >

mouclrHAasr

ASYMPTOTIC LONGITUDE
HEISS
%/
&
Y NT
RVI
DURVILLE - :———~f” ~____,a—”'J-’ VOSTOK
;Jh McMURDO

Fig. 2, Illustration of the asymptotic directions of approach for selected high latitude
stations at 0000 UT, These directions are appropriate for the high energy particle
event of January 24-25, 1971.

*In this paper the asymptotic direction of approach is given as the direction of a geo-
centric radial vector parallel to the particle velocity vector at the position where
the calculation is made. These are not truly "asymptotic" in the classical sense of
the word since further magnetic bending will occur due to the interplanetary magnetic
field.
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Fig..3. Illustration of the'asymptotic directions of approach for selected high latitude
stations at 2100 UT. These directions are appropriate for the high energy particle
event of September 1, 1971,

The following tables contain the asymptotic directions of approach for selected high
latitude neutron monitors. Negative asymptotic longitudes indicate that the particle
trajectory does not cross the Greenwich meridian, Longitude values larger than 360 de-
grees are indicative of a large longitudinal drift of the particle as it traverses the
magnetic cavity. The notation "R" and "F" mean a re-entrant or failed orbit respectively,
All calculations were made fox the local time of the station correponding to the particle
increase,
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ALERT , CANADA

——t PP
Geographic Latitude = 82,50 N
Geographic Longitude = 62,33 W
UT = 0000 LT = 1951
Rigidity Asymptotic

{av) LAT LONG
10.00 82 ~-50
9.00 82 ~53
8.00 83 ~56
7.00 83 =55
6.00 83 -52
5.00 82 -57
4,00 82 -67
3.00 81 -73
2.00 79 ~86
1.90 79 -87
1.80 78 -91
1.70 78 -94
1.60 78 ~94
1.50 77 ~97
1.40 76 -100
1.30 75 -101
1.20 74 -105
1.10 73 -108
1.00 71 -110
0.90 69 -113

THULE, GREENLAND

Geographic Latitude = 76,55 N

Geographic Longitude = 68,84 W

UT = 0000 LT = 1925

Rigidity Asymptotic
(4] LAT LONG
10,00 73 -35
9.00 74 -35
8.00 74 -33
7.00 74 ~28
6.00 74 -23
5,00 73 -22
4.00 73 -17
3.00 72 ~10
2.00 70 7
1.90 69 8
1.80 69 9
1.70 68 12
1.60 67 15
1.50 66 16
1.40 65 20
1.30 64 22
1,20 62 26
1,10 60 28
1.00 57 31
0.90 54 34
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RESOLUTE, CANADA

Geographic Latitude = 74.69 N

Geographic Longitude = 94.91 W

UT = 0000 LT = 1740

Rigidity Asymptotic
(GV) LAT LONG
10,00 68 -79
9.00 68 -79
8.00 68 -87
7.00 68 ~77
6.00 68 -75
5.00 67 ~74
4.00 67 -72
3.00 66 -68
2,00 64 -60
1.90 64 -58
1.80 64 -57
1.70 64 -56
1.60 63 -54
1.50 63 -52
1.40 62 =50
1.30 61 =48
1.20 60 -45
1.10 59 ~42
1.00 58 -38
0.90 56 -35

VOSTOK, ANTARCTICA

Geographic Latitude
Geographic Longitud
UT = 0000 LIT = 070

Rigidity
(GV)

ot

NWLWPPUONDOO
jol
(=)

.00
.00
00

= 78.47 S
e = 106,87 E
7
Asymptotic
LAT LONG
-72 35
~73 38
-72 41
-70 41
-67 35
-68 28
~66 31
~64 23
-58 17
-58 15
-58 15
-56 15
-55 12
~55 12
-52 11
~52 9
-49 8
-48 7
-46 5
~44 3




DUMONT D 'URVILLE, ANTARCTICA McMURDO, ANTARCTICA

Geographic Latitude = 66.67 S Geographic Latitude = 77.85 S

Geographic Longitude = 140,02 E Geographic Longitude = 166,72 E

UT = 0000 LT = 0920 UT = 0000 LT = 1107

Rigidity Asymptotic Rigidity Asymptotic
(GV) LAT LONG (GV) LAT LONG
10.00 -62 159 10,00 -79 261
9.00 -62 160 9.00 -80 258
8.00 -61 160 8.00 -80 259
7.00 -60 161 7.00 -80 265
6.00 -59 162 6.00 -78 270
5.00 ~58 162 5.00 -76 264
4,00 -56 163 4,00 -77 265
3.00 =54 163 3.00 ~75 263
2.00 -50 164 2.00 -73 267
1.90 -49 164 1.90 -72 265
1.80 =49 164 1.80 -73 265
1,70 -48 164 1.70 -73 267
1.60 -47 164 1.60 -72 266
1.50 -47 164 1.50 =72 266
1.40 =46 164 1.40 ~72 267
1.30 =45 164 1,30 -72 266
1.20 -44 164 1.20 -71 267
1.10 ~-43 165 1,10 -71 268
1.00 -42 165 1,00 -71 268
0.90 -40 165 0.90 -71 268

MIRNY, ANTARCTICA HEISS ISIAND, USSR

Geographic Latitude = 66,55 S Geographic Latitude = 80.33 N

Geographic Longitude = 93.00 E Geographic Longitude = 57.80 E

UT = 0000 LT = 0612 UT = 0000 LT = 0351

Rigidity Asymptotic Rigidity Asymptotic
(GV) LAT LONG GV LAT LONG
10.00 -50 81 10.00 62 97
9.00 -49 83 9.00 62 98
8.00 -47 85 8.00 60 99
7.00 =44 85 7.00 57 100
6.00 ~41 82 6.00 54 99
5.00 ~-41 80 5.00 52 99
4.00 -37 83 4,00 48 101
3.00 -33 80 3.00 43 100
2,00 -24 79 2.00 32 100
1.90 -23 78 1.90 30 100
1.80 -22 78 1.80 29 100
1.70 -20 79 1.70 27 100
1.60 -19 77 1.60 24 99
1.50 -18 78 1.50 23 99
1.40 -15 77 1.40 20 98
1.30 -14 76 1.30 17 97
1.20 -11 76 1.20 14 97
1,10 -8 76 1.10 10 96
1.00 -6 75 1.00 5 93
0.90 -2 74 0.90 0 90
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SOUTH POLE, ANTARCTICA INUVIK, CANADA

———e e
Geographic Latitude = 89,98 S Geographic Latitude = 68,35 N
Geographic Longitude = 0,00 E Geographic Longitude = 133,73 W
UT = 0000 LT = 0000 UT = 0000 IT = 1505
Rigidity Asymptotic Rigidity Asymptotic
(GV) LAT LONG (GW) LAT LONG
10.00 -55 -15 10,00 44 -127
9.00 -56 -15 9.00 44 -126
8.00 ~-56 -12 8.00 43 -125
7.00 -53 -9 7.00 41 -124
6.00 ~-48 -9 6.00 37 -124
5.00 =45 ~-16 5.00 36 -126
4,00 -43 -14 4.00 34 -124
3.00 ~41 -21 3.00 29 -124
2.00 -36 -24 2.00 22 -121
1.90 -36 -27 1.90 21 ~-121
1.80 -36 -29 1,80 20 -120
1.70 ~36 -29 1.70 19 ~119
1.60 ~34 -30 1,60 17 -119
1.50 -35 =34 1.50 16 -119
1.40 -35 -33 1.40 15 -117
1.30 -34 -38 1.30 13 -117
1.20 -34 ~-38 1.20 11 -115
1.10 -34 ~44 1.10 9 -114
1.00 -33 -47 1,00 6 -112
0,90 -33 -52 0.90 3 -110
CHURCHILL, CANADA MAWSON, ANTARCTICA
Geographic Latitude = 58.75 N Geographic Latitude = 67,60 S
Geographic Longitude = 94,09 W Geographic Longitude = 62,88 E
UL = 0000 LT = 1744 UT = 0000 LT - 0412
Rigidity Asymptotic Rigidity Asymptotic
ev) LAT LONG (GV) LAT LONG
10.00 36 -74 10.00 -36 48
9.00 35 =74 9.00 -37 50
8.00 35 -73 8.00 -36 52
7.00 33 -71 7.00 -32 55
6.00 30 -70 6.00 -26 55
5.00 28 -71 5.00 -22 50
4,00 26 -70 4,00 -22 52
3.00 22 -69 3.00 ~12 49
2,00 17 -66 2,00 -3 50
1.90 16 -66 1.90 0 50
1.80 16 -65 1.80 2 48
1.70 15 -64 1,70 2 47
1.60 14 -64 1.60 4 48
1.50 13 -64 1.50 7 47
1.40 12 -63 1.40 8 45
1.30 11 -63 1.30 11 47
1,20 10 -62 1.20 12 44
1.10 9 -62 1.10 16 44
1.00 7 -62 1.00 19 44
0.90 6 ~61 0.90 22 42
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SYOWA, ANTARCTICA

Geographic Latitude

UT = 0000 LT = 0238

Rigidity

(&)

10.00
9.00
8.00
7.00
6.00
5.00
4,00
3.00
2,00
1,90
1.80
1.70
1.60
1.50
1.40
1.30
1.20
1.10
1.00

= 69,03 8
Geographic Longitude = 39.60 E
Asymptotic
LAT LONG
-26 30
-27 30
-27 32
-26 36
-19 38
~11 34
-11 30
1 30
4 24
7 25
13 26
14 22
8 18
14 20
15 22
12 16
17 26
15 22
17 29
20 36

0.90

TIXIE BAY, USSR

Geographic Latitude = 71,55 N
Geographic Longitude = 128,90 E
UT = 0000 LT = 0836
Rigidity Asymptotic
(GV) LAT LONG
10.00 38 159
9.00 37 159
8.00 36 160
7.00 34 162
6,00 29 163
5.00 25 163
4,00 21 165
3.00 13 167
2.00 0 175
1.90 -2 176
1.80 -4 177
1.70 -6 179
1.60 -9 182
1.50 -12 184
1.40 -14 187
1.30 -18 191
1.20 -21 196
1.10 -25 203
1.00 -30 216
0.90 ~-33 237
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GOOSE BAY, CANADA

Geographic Latitude = 53,33 N
Geographic Longitude = 60.42 W
UT = 0000 LT = 1958
Rigidity Asymptotic
(GV) LAT LONG
10.00 22 -23
9.00 22 ~23
8.00 23 -22
7.00 22 -20
6.00 17 -17
5.00 11 -18
4,00 10 -18
3.00 2 -19
2.00 -5 -19
1.90 -7 -20
1.80 -9 -21
1.70 -9 -22
1.60 -10 -22
1.50 -13 -23
1.40 -13 -25
1.30 -15 -26
1.20 -16 -27
1.10 -19 -26
1.00 -21 -25
0.90 -25 ~23
KIRUNA, SWEDEN
Geographic Latitude = 67.83 N
Geographic Longitude = 20.43 E
UT = 0000 1IT = Q122
Rigidity Asymptotic
(GVv) LAT LONG
10.00 35 57
9.00 35 58
8.00 33 60
7.00 30 62
6.00 24 63
5.00 19 61
4,00 16 62
3.00 5 60
2,00 -10 57
1.90 -13 56
1.80 -16 54
1.70 -17 53
1.60 -20 52
1.50 -24 49
1.40 -26 47
1.30 -31 44
1.20 -34 42
1.10 -39 46
1.00 -42 47
0.90 -45 53




APATITY, USSR OULU, FINLAND

———— s
Geographic Latitude = 67.55 N Geographic Latitude = 65.00 N
Geographic Longitude = 33,33 E Geographic Longitude = 25.40 E
UT = 0000 LT - 0213 UT = 0000 LT = 0l42
Rigidity Asymptotic Rigidity Asymptotic
(GV) LAT LONG (GV) LAT LONG
10,00 34 68 10.00 28 61
9.00 33 69 9.00 27 62
8.00 31 71 8.00 26 64
7.00 28 74 7.00 22 67
6.00 22 74 6.00 16 68
5.00 16 72 5.00 9 66
4.00 12 73 4,00 5 67
3.00 2 72 3.00 -7 66
2.00 -12 69 2.00 -17 74
1.90 -14 70 1.90 -15 79
1.80 -16 72 1.80 ~-11 85
1.70 -17 71 1.70 -7 87
1.60 -16 75 1.60 -1 92
1.50 -13 80 1.50 -3 101
1.40 -12 82 1.40 -2 107
1.30 -3 91 1.30 -3 118
1.20 -2 95 1,20 0 127
1.10 -3 106 1.15 0 132
1.00 -3 115 1,10 3 144
0.95 -2 121 1.05 6 153
0.90 -1 128 1.00 9 164
. 0.99 10 169
0.98 11 174
0.97 13 180
0.96 14 186
GENERAL BELGRANO, ANTARCTICA 0.95 16 192
Geographic Latitude = 77.97 S 0. 94 16 198
Geographic Longitude = 38,80 W 8'23 %; ggg
UT = 0000 LT = 2125 .
0.91 17 215
Rigidity Asymptotic 0.90 17 225
(GV) LAT LONG
10.00 ~-28 -18
9.00 -28 -20
8.00 -30 -20
7.00 -30 -17
6.00 -25 -13
5.00 -16 ~-15
4,00 -13 -20
3.00 -3 -16
2,00 6 -14
1.90 5 -13
1.80 7 -11
1.70 10 -8
1.60 10 -7
1.50 9 -5
1.40 9 3
1.30 7 4
1.20 4 13
1,15 0 16
1.10 -2 15
1.05 -7 21
1.00 -14 25
0.95 -19 24
0.90 -32 29
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SANAE, ANTARCTICA DEEP RIVER, CANADA

Geographic Latitude = 70.30 S Geographic Latitude = 46,10 N
Geographic Longitude = 2.35 W Geographic Longitude = 77.50 W
UT = 0000 LT = 2350 UL = 0000 LT = 1850
Rigidity Asymptotic Rigidity Asymptotic
I4)) LAT LONG (6V) LAT LoNG
10.00 ~-18 4 10.00 8 ~44
9.00 -18 2 9.00 8 -44
8.00 -20 2 8.00 7 -43
7.00 -20 4 7.00 6 ~40
6.00 -17 9 6.00 0 -38
5.00 -8 10 5.00 -7 -38
4,00 -3 5 4,00 -9 -37
3.00 3 11 3.00 -18 -31
2,00 11 29 2.00 -25 -13
1.90 10 31 1.90 -26 -8
1.80 8 31 1.80 -28 -1
1.70 9 36 1.70 -27 3
1.60 13 50 1.60 -26 8
1.50 12 58 1.50 -24 20
1.40 12 63 1.40 -20 29
1.30 10 88 1.30 -11 40
1.20 4 100 1.29 -7 42
1.19 4 101 1.28 -2 42
1,18 3 104 1.27 5 43
1,17 2 107 1.26 8 49
1.16 1 111 1.25 10 57
1.15 -1 116 1.24 14 67
1.14 -3 122 1.23 19 79
1.13 -6 131 1.22 21 90
1.12 -10 142 1.21 21 100
1.11 ~-14 163 1.20 20 111
1.10 -37 246 1.19 17 122
1.09 -34 256 1.18 12 136
1,08 -26 268 1,17 1 157
1.07 -12 283 1.16 -22 205
1.06 5 316 1.15 10 121
1.05 -25 321 1.14 -13 336
1.04 -1 322 1.13 -15 330
1.03 5 330 1.12 -20 343
1.02 -13 328 1.11 R R
1.01 -18 348 1.10 R R
1.00 ~28 345 1.09 20 82
0.99 -50 "0 1.08 -12 361
0.98 R R 1.07 -17 352
0.97 6 63 1.06 ~26 28
0.96 0 152 1.05 3 87
0.95 1 110 1.04 4 232
0.9 R R 1.03 6 102
0.93 -35 13 1.02 14 150
0.92 -25 8 1.01 R R
0.91 -10 315 1.00 R R
6.90 -5 24 0.99 18 196
0.98 4 67
0.97 R R
0.96 5 218
0.95 4 54
0.9 -10 224
0.93 R R
0.92 R R
0.91 -7 91
0.90 R R
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SULPHUR MOUNTAIN, CANADA KERGUELEN TISLAND
Geographic Latitude = 51,20 N Geographic Latitude = 49,35 S
Geographic Longitude = 115.61 W Geographic Longitude = 70,22 E
UT = 0000 LT = 1618 UT = 0000 LT = 0441
Rigidity Asymptotic Rigidity Asymptotic

GV) LAT LONG (GV) LAT LONG
10.00 7 -95 10.00 -4 82
9.00 7 -94 9.00 -3 83
8.00 6 -92 8.00 -3 85
7.00 2 -89 7.00 1 89
6.00 -5 ~-86 6.00 8 9%
5.00 ~-12 -85 5.00 16 96
4,00 -15 -81 4.00 18 99
3.00 -28 -69 3.00 29 116
2.00 -31 ~43 2.00 28 151

1.90 -29 -37 1.90 26 156

1.80 -25 -32 1.80 23 168

1.70 -21 -29 1.70 14 181

1.60 -17 -22 1.60 7 150

1.50 -9 =11 1.50 -4 207

1.40 -3 1 1.49 -7 210

1.39 -3 3 1.48 -10 214

1.38 -2 5 1.47 -13 219

1.37 -2 7 1.46 =17 225

1.36 -1 10 1.45 -21 233

1.35 0 13 1.44 -25 244

1.34 1 18 1.43 -28 259

1.33 0 26 1.42 -28 281

1.32 -3 36 1.41 ~22 308

1.31 -6 48 1.40 -11 323

1.30 0 74 1.39 8 318

1.29 -5 116 1.38 -8 364

1.28 -12 278 1.37 -5 225

1.27 ~18 352 1.36 =24 345

1.26 -21 40 1.35 11 169

1.25 -16 295 1.34 -4 319

1.24 16 154 1.33 -10 349

1.23 3 216 1.32 12 94

1.22 R R 1.31 4 204

1.21 R R 1.30 27 110

1.20 R R 1.29 -26 31

1.19 8 158 1.28 0 336

1.18 16 117 1.27 R R
1.17 -2 202 1.26 -35 17
1.16 -30 362 1.25 14 106
1.15 12 143 1.24 -9 351
1.14 R R 1.23 =31 14

1.13 -1 144 1.22 ~13 38

1.12 R R 1.21 -1 122

1.11 -7 91 1.20 ~16 47

1.10 3 174 1.19 -38 29

1.09 19 126 1.18 -32 40

1.08 -18 340 1.17 R R

1.07 10 133 1.16 R R

1.06 R R 1.15 -7 222

1.05 -21 36 1.14 -3 197

1.04 R R 1.13 R R

1.03 R R 1.12 15 129

1,02 R R 1.11 R R

1.01 R R 1.10 R R

1.00 R R 1.09 R R

0.99-0.90 R R 1.08 F F
1.07 -22 47
1.06 22 95
1.05-0.95 R R
0.94 14 152
0.93-0.90 R R
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ALERT, CANADA RESOLUTE, CANADA
Geographic Latitude = 82,50 N Geographic Latitude = 74,69 N
Geographic Longitude = 62,33 W Geographic Longitude = 94,91 W
UT = 2100 LT = 1651 UT = 2100 LT = 1440
Rigidity Asymptotic Rigidity Asymptotic

GW) LAT LONG GV) LAT LONG
10.00 81 -40 10.00 69 -84
9.00 81 =41 9.00 69 -84
8.00 81 -42 8.00 69 -84
7.00 81 -38 7.00 69 -84
6.00 81 -35 6.00 69 -83
5.00 79 ~38 5.00 69 -83
4,00 79 =41 4.00 69 -83
3.00 78 ~44 3.00 70 -82
2.00 76 ~46 2,00 71 -78
1.90 75 -47 1.90 71 -78
1.80 74 =49 1.80 71 =77
1.70 74 -50 1.70 72 -76
1,60 74 ~-50 1.60 72 -75
1.50 73 -52 1.50 72 -74
1.40 73 -52 1.40 72 -72
1.30 72 ~54 1.30 73 -70
1.20 71 =55 1.20 73 -67
1,10 70 -57 1.10 74 ~64
1.00 68 -59 1.00 74 -60
0.90 67 -61 0.90 75 -55
THULE, GREENLAND VOSTOK, ANTARCTICA
Geographic Latitude = 76,55 N Geographic Latitude = 78.47 3
Geographic Longitude = 68.84 W Geographic Longitude = 106.87 E
UT = 2100 LT = 1625 UT = 2100 LT = 0407
Rigidity Asymptotic Rigidity Asymptotic
(GV) LAT LONG (GV) LAT LONG
10,00 74 ~42 10.00 -71 40
9.00 75 -43 9.00 -71 43
8.00 76 =42 8.00 -70 46
7.00 76 -39 7.00 ~67 46
6.00 76 -35 6.00 -65 40
5.00 75 -36 5.00 -65 35
4.00 77 -33 4.00 -63 39
3.00 78 -29 3.00 ~-60 34
2.00 80 -10 2.00 -52 29
1.90 80 -8 1.90 =51 27
1.80 80 -7 1.80 -51 28
1.70 81 0 1.70 -49 28
1.60 81 5 1.60 -47 26
1,50 81 9 1.50 ~46 26
1.40 81 19 1.40 =44 25
1.30 81 24 1.30 =42 24
1,20 80 35 1.20 -39 22
1.10 80 44 1.10 -37 22
1.00 78 52 1.00 -33 20
0.90 77 61 0,90 ~29 18
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DUMONT D 'URVILLE, ANTARCTICA

Geographic Latitude = 66,67 S

Geographic Longitude = 140,02 E

UT = 2100 LT = 0620

Rigidity Asymptotic
GV) LAT LONG
10,00 -61 162
9.00 -60 163
8.00 -60 163
7.00 -59 164
6.00 -57 165
5.00 -56 166
4,00 -53 167
3.00 -50 168
2.00 =44 170
1,90 ~-43 170
1.80 -42 170
1.70 -41 170
1.60 -40 170
1.50 -39 170
1.40 -37 171
1.30 -36 171
1.20 -34 171
1,10 -32 171
1.00 -30 171
0.90 =27 171

MIRNY, ANTARCTICA

Geographic Latitude = 66,55 S

Geographic Longitude = 93,00 E

UT = 2100 LT = 0312

Rigidity Asymptotic
GV) LAT LONG
10.00 -49 84
9.00 -48 86
8.00 -46 88
7.00 ~43 88
6.00 -39 86
5.00 -39 85
4.00 -34 88
3.00 -29 86
2,00 ~15 84
1.90 -14 83
1.80 -13 84
1.70 ~-11 83
1.60 -14 80
1.50 ~12 80
1.40 -13 78
1.30 -13 77
1.20 -13 74
1.10 -12 72
1.00 -13 69
0.90 -14 65
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McMURDO, ANTARCTICA

Geographic Latitude = 77.85 S

Geographic Longitude = 166,72 E

UT = 2100 LT = 0807

Rigidity Asymptotic
GV) LAT LONG
10.00 ~-78 261
9.00 -78 259
8.00 -78 259
7.00 -78 264
6.00 -76 268
5.00 -73 264
4.00 -73 264
3.00 -70 262
2.00 ~66 265
1,90 -66 263
1.80 -66 263
1.70 -65 264
1.60 ~64 264
1,50 -64 263
1.40 -63 264
1.30 -62 263
1.20 -61 264
1,10 -60 264
1.00 -59 263
0.90 -58 . 263

HEISS ISIAND, USSR

Geographic Latitude = 80,33 N

Geographic Longitude = 57.80 E

UT = 2100 LT - 0051

Rigidity Asymptotic
(1)) LAT LONG
10.00 63 102
9.00 62 104
8.00 60 106
7.00 57 107
6.00 54 106
5.00 52 106
4,00 48 108
3.00 42 107
2.00 32 104
1.90 31 103
1.80 30 103
1,70 28 102
1,60 26 101
1.50 25 100
1.40 22 99
1.30 21 97
1.20 18 95
1.10 16 93
1.00 14 89
0.90 12 86




SOUTH POLE, ANTARCTICA INUVIK, CANADA

B e . ettt
Geographic Latitude = 89,98 S 'Geographic Latitude = 68.35 N
Geographic Longitude = 0.00 E Geographic Longitude = 133.73 W
UT = 2100 LT = 2100 UT = 2100 LT = 1205
Rigidity Asymptotic Rigidity Asymptotic
(GV) LAT LONG (GV) LAT LONG
10.00 -59 15 10,00 43 -128
9.00 ~-60 13 9.00 43 -127
8.00 -60 ~-10 8.00 42 -126
7.00 -57 -6 7.00 40 -125
6.00 -53 -9 6.00 36 -126
5.00 -51 -17 5.00 34 -127
4,00 -51 -15 4,00 32 -125
3.00 ~47 -23 3.00 27 -126
2.00 ~41 -26 2,00 18 -123
1.90 -39 -29 1.90 17 -123
1.80 -38 -31 1.80 17 -123
1.70 -39 ~31 1.70 16 -122
1.60 -36 -32 1.60 13 -122
1.50 -35 -35 1.50 12 ~-121
1.40 -35 -35 1.40 10 -120
1.30 -32 -38 1.30 8 -120
1.20 -31 -38 1.20 6 -118
1.10 -28 -42 1.10 4 -117
1.00 -25 -45 1.00 0 -116
0.90 -22 -48 0.90 -3 -113
CHURCHTILL, CANADA MAWSON, ANTARCTICA
Geographic Latitude = 58,75 N Geographic Latitude = 67,60 S
Geographic Longitude = 94.09 W Geographic Longitude = 62,88 E
UT = 2100 LT = 1444 UT = 2100 LT = 0112
Rigidity Asymptotic Rigidity Asymptotic
(GV) LAT LONG (%) LAT LONG
10.00 35 -75 10.00 -38 48
9.00 34 -75 9.00 -39 50
8.00 34 ~74 8.00 -38 53
7.00 32 -73 7.00 -34 56
6.00 29 -72 6.00 -30 54
5.00 26 -72 5.00 -28 47
4.00 24 ~71 4.00 -28 49
3.00 20 -70 3.00 -23 42
2.00 12 -65 2.00 -20 40
1.90 11 -64 1.90 -18 39
1.80 10 -64 1.80 ~-17 36
1.70 10 -63 1.70 -18 35
1.60 8 -62 1.60 ~-18 36
1.50 7 -61 1.50 -15 33
1.40 5 -59 1.40 -17 31
1.30 3 ~58 1.30 -15 31
1.20 2 -56 1,20 -15 27
1.10 0 -54 1.10 -13 26
1,00 -3 -51 1.00 -13 24
0.90 -6 -48 0.90 -12 20
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SYOWA, ANTARCTICA

Geographic Latitude = 69,03 S

Geographic Longitude = 39,60 E

UT = 2100 LT = 2338

Rigidity Asymptotic
(GW) LAT LONG
10.00 -30 28
9.00 -32 27
8.00 -32 29
7.00 -31 33
6.00 -26 35
5.00 -19 30
4.00 =20 26
3.00 -11 25
2.00 -6 20
1.90 -7 21
1.80 -5 22
1.70 -2 21
1.60 -2 19
1.50 -2 20
1.40 2 20
1.30 0 18
1.20 4 20
1.10 3 18
1,00 7 18
0.90 9 19

TIXIE BAY, USSR

Geographic Latitude = 71,55 N
Geographic Longitude = 128,90 E
UT = 2100 LT = 0536
Rigidity Asymptotic
(GV) LAT LONG
10,00 37 159
9.00 36 159
8.00 35 160
7.00 32 161
6.00 28 162
5.00 23 162
4,00 20 164
3.00 11 166
2.00 -1 173
1.90 -4 174
1.80 -5 175
1,70 -6 176
1.60 -10 179
1.50 -12 181
1.40 -14 184
1.30 -17 187
1.20 -20 192
1.10 -23 197
1.00 -27 206
0.90 ~-30 219
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GOOSE BAY, CANADA

Geographic Latitude
Geographic Longitude
UT = 2100 LT = 1658

Rigidity As
(GV) LAT
10.00 22

9.00 23
8.00 23
7.00 22
6.00 18
5.00 12
4.00 11
3.00 3
2.00 -5
1.90 -7
1.80 -11
1.70 -12
1.60 -14
1.50 -16
1.40 -16
1.30 ~15
1.20 -16
1.10 -15
1.00 ~-13
0.90 -10

53.33 N
60.42 W

il

ymptotic
LONG

-23
-23
-22
-20
-16
-15
-14
-10
-4
-4
-3
-3
-4
-3
-2
1

5
10
14
21

KIRUNA, SWEDEN

— el

Geographic Latitude
Geographic Longitude
UT = 2100 LT = 2222

Rigidity As
(1) LAT
10.00 39

9,00 39
8.00 38
7.00 35
6.00 30
5.00 26
4,00 24
3.00 16
2.00 7
1.90 5
1.80 3
1.70 3
1.60 1
1.50 -2
1.40 -2
1.30 -4
1.20 -5
1.10 -8
1.00 -9
0.90 -12

67.83 N
= 20,43 E

ymptotic
LONG




APATITY, USSR
\Geographic Latitude = 67.55 N
Geographic Longitude = 33.33 E
UT = 2100 LT = 2313

Rigidity Asymptotic
©GV) LAT LONG
10.00 37 68

9.00 36 69
8.00 35 71
7.00 32 73
6.00 26 74
5.00 21 71
4,00 19 73
3.00 9 70
2.00 -2 68
1.90 -5 67
1.80 -7 65
1.70 -8 64
1.60 -10 64
1,50 -13 61
1.40 -14 60
1.30 -18 58
1.20 -20 58
1.10 -27 59
1,00 -31 60
0.95 -34 62
0.90 -37 64

GENERAL BELGRANO, ANTARCTICA

Geographic Latitude = 77,97 S
Geographic Longitude = 38,80 W
UT = 2100 LT = 1825
Rigidity Asymptotic
V) LAT LONG
10.00 -29 -15
9.00 -31 -15
8.00 -32 -14
7.00 -31 ~11
6.00 -25 =9
5.00 -14 -12
4.00 ~-12 -15
3.00 1 -14
2.00 15 -13
1.90 15 -12
1.80 18 -9
1.70 23 -2
1.60 24 0
1.50 25 2
1.40 28 14
1.30 26 18
1.20 24 29
1.15 20 34
1.10 17 34
1.05 11 40
1.00 1 41
0.95 -5 41
0.90 -24 37
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OULU, FINLAND
Geographic Latitude = 65.0
Geographic Longitude = 25,4
UT = 2100 LT = 2242

0N
0 E

Rigidity Asymptotic
GV) LAT LONG
10.00 31 61

9.00 30 62
8.00 30 64
7.00 26 66
6.00 21 68
5.00 15 66
4,00 12 66
3.00 1 65
2.00 -10 65
1.90 -13 66
1.80 -17 67
1.70 -18 68
1.60 ~20 68
1.50 -25 73
1.40 -27 75
1.30 -31 80
1.20 ~-33 90
1.15 -34 92
1.10 -33 104
1.05 -26 112
1.00 -16 119
0.99 -9 122
0.98 2 124
0.97 15 125
0.96 30 126
0.95 32 137
0.94 31 145
0.93 30 150
0.92 29 154
0.91 28 160
0.90 28 167




SANAE, ANTARCTICA

+Geographic Latitude
Geographic Longitude

UT = 2100 LT

Rigidity
(6V)

10.00
9.00
8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.90
1,80
1.70
1.60
1.50
1.40
1.30
1.20
1.19
1.18
1.17
1.16
1.15
1.14
1.13
1.12
1.11
1.10
1.09
1.08
1.07
1.06
1.05
1.04
1,03
1.02
1.01
1.00
0.99
0.98
0.97
0.96
0.95
0.94
0.93
0.92
0.91
0.90

= 70.30 S
= 2,35 W
2050
Asymptotic
LAT LONG
-15 4
-16 2
-17 2
~-18 4
~14 8
-3 9
4 5
11 12
21 32
20 34
18 34
16 39
13 50
7 54
2 56
~13 66
-25 66
-26 66
-27 66
-29 67
-30 68
-32 68
~26 75
-6 94
-7 109
-9 122
-10 135
-10 147
-9 160
-6 173
-3 188
-2 49
-16 370
-7 360
-41 32
-12 22
-30 347
2 138
R R
1 126
-36 30
-9 34
9 165
-27 70
R R
15 120
-9 354
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DEEP RIVER, CANADA

Geographic Latitude
Geographic Longitude

UT =

Rigidity

2100 LT

(V)

1

COOOCO OO OO O = bt pt b b b b bt bt b b b bt et e e b b b b bt ped et o ped et b e e e b e N W P LT OV N0 0 O
RN G PO Coow O T [

.

«

-

.00
.00
.00
.00
.00
.00
.00
.00
.00
.90
.80
.70
.60
.50
.40
.30
.29
.28

1550

= 46.10 N
= 77.50 W
Asymptotic
LAT LONG
6 ~42
6 -42
6 -40
4 -37
-1 -32
-9 -29
-11 -25
-21 -12
-23 11
-20 15
-17 20
-12 23
-8 26
-2 35
6 44
10 64
11 67
9 74
5 82
0 91
-6 101
-3 124
-10 158
-19 230
-39 75
-17 94
-6 225
8 186
-25 97
10 382
R R
0 256
-25 213
-1 219
23 180
19 122
-27 68
-1 182
R R
R R
12 126
R R
R R
12 184
6 127
R R
-12 207
2 154
-24 68
-13 218
-34 73
8 147
R R
R R
R R
R R




SULPHUR MOUNTAIN, CANADA KERGUELEN ISTAND
Geographic Latitude = 51,20 N Geographic Latitude = 49.35 §
Geographic Longitude = 115,61 W Geographic Longitude = 70.22 E
UT = 2100 LT = 1318 UT = 2100 LT = 0141
Rigidity Asymptotic Rigidity Asymptotic

(GV) LAT LONG (GV) LAT LONG
10.00 7 -95 10.00 -6 79
9.00 6 -94 9.00 -6 80
8.00 5 -92 8.00 -5 82
7.00 1 -88 7.00 -2 85
6.00 -6 -85 6.00 ~6 88
5.00 -13 -84 5.00 13 86
4.00 -16 -78 4,00 14 8%
3.00 -28 -64 3.00 26 105
2.00 -32 -23 2,00 26 138
1.90 -30 -13 1.90 25 144
1.80 -26 -4 1.80 22 155
1.70 -21 3 1.70 15 168
1.60 -11 4 1.60 9 175
1.50 10 7 1.50 2 188
1.40 20 27 1.49 0 190
1.39 19 32 1.48 -2 193
1.38 18 38 1.47 -4 196
1.37 15 45 1.46 -6 199
1.36 9 53 1.45 -9 203
1.35 0 61 1.44 -12 207
1.34 -14 70 1.43 -15 212
1.33 -32 80 1.42 -18 217
1.32 -1 60 1.41 -21 222
1.31 18 138 1.40 -24 228
1.30 18 121 1.39 -26 235
1.29 -21 52 1.38 ~27 243
1.28 -16 348 1.37 -28 251
1.27 R R 1.36 ~-28 260
1.26 11 202 1.35 -27 270
1.25 -28 53 1.34 -25 280
1.24 13 171 1.33 -20 294
1.23 -25 62 1,32 -12 314
1.22 -2 46 1.31 5 350
1,21 -6 74 1.30 15 376
1.20 -16 213 1.29 -1 32
1.19 -8 79 1.28 22 92
1.18 R R 1.27 -12 58
1.17 -32 77 1.26 -5 36
1.16 -32 59 1.25 9 13
1.15 -6 34 1.24 21 174
1,14 R R 1.23 -2 55
1,13 13 166 1,22 19 128
1.12 1 230 1,21 R R
1.11 R R 1.20 2 168
1.10 R R 1.19 15 128
1.09 4 129 1.18 R R
1.08 R R 1.17 -15 81
1.07 R R 1.16 3 216
1.06 R R 1,15 -15 81
1.05 R R 1.14 R R
1.04 R R 1.13 -30 76
1.03 R R 1,12 R R
1.02 R R 1.11 R R
1.01 R R 1.10 2 22
1.00 R R 1.09 R R

1.08 R R

1.07 -5 213

1.06 -24 77

1.05 9 189

1.04-0.98 R R

0,97 F F

0.96-0.90 R R

170




Relativistic Solar Cosmic Rays on January 24-25, 1971

by

M. A. Pomerantz and S. P. Duggal
Bartol Research Foundation
of
The Franklin Institute

1. Introduction

The most prominent feature of the January 24, 1971, ground-level event {GLE) is that it displayed
a heretofore unobserved sectorial pattern of anisotropy that was limited to a narrow and stable region.
Furthermore, it is also the first for which it is possible to distinguish between two rival candidates
for the parent flare, in the same location within 3°, with reported onset times differing by only one
minute, and each visible in Ha for longer than one hour. The analysis whereby the relevant injection
and propagation characteristics have been determined is described in detail elsewhere [Duggal and
Pomerantz, 19727.

2. Observations

Two neighboring but apparently distinct solar flares, of importance 3B (N16, W49) and 18 (N19,
W50), were eligible for identification as the source of the relativistic particles that reached the
earth on January 24-25, 1971. Although the closest reported onset times [Solar-Geophysical Data,
19711 differed by only one minute (2308 UT and 2309 UT, respectively), maximum Ha intensity was
attained by the 3B flare about 14 minutes after the optical maximum of the less energetic flare.

The total duration of both flares was =1.25 hours. The angle between the base of the nominal garden
hose field 1ine passing through the earth and the flare locations is estimated to be =28°.

The neutron monitor observations at the three stations (Thule, McMurdo and South Pole) compris-
ing the Bartol polar network are plotted in Figure 1. Although the interval between the onset and
the time of maximum was quite short (about 8 minutes at Thule), the availability of data from these
high counting rate neutron monitors in two-minute intervals (with the exception of Swarthmore, the
minimum readout period at other stations is 5 minutes) has made it possible to analyze certain basic
features of this GLE that could otherwise not have been studied.
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Fig. 1. Nucleonic intensity in two-minute intervals at the Bartol polar stations
during the GLE of January 24-25, 1971, expressed as percent of the galactic

background prior to onset.
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The January 24-25, 1971, GLE occurred during a period in which the galactic cosmic ray flux was
still recovering from a major cosmic ray storm that commenced on January 12. It was followed, four
days after, by an unusual Forbush decrease that displayed an abnormal north-south anisotropy

[Pomerantz and Duggal, 1972].

A measurable neutron flux enhancement was observed at all stations
having a geomagnetic cutoff below =5 GV.

The data shown in Figure 1 represent the nucleonic intensity arising from solar cosmic rays
after correction for atmospheric pressure changes by the application of two pressure coefficients,
ap and oo, appropriate for solar and galactic cosmic rays [Baird et al., 1967; Wilson et al., 1967].

3. Results of Analysis

A. Spectrum

Figure 2 is a plot of the dependence upon threshold rigidity P, of the relative enhanced
nucleonic intensity in the hour 0100-0200 UT, an epoch during which the solar particle flux

was essentially isotropic.

The data indicate that the effective atmospheric cutoff was about

1.2 GY. The scatter among the points representing stations with Tower geomagnetic threshold
rigidities appears to be ascribable to possible anisotropies in the recovery phase of the on-
going cosmic ray storm, this affects the base period. Also involved are imperfect corrections
for atmospheric effects, since only our own observations were subjected to the two pressure

coefficient procedures.
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Fig. 2. Data from 21 neutron monitors, normalized to a standard pressure, plotted
as a function of threshold rigidity. The slope of the inclined dashed
line corresponds to a primary spectral indexy = 5.0 % 0.3.
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NORMALIZED INTENSITY, PERCENT

Fig. 3.

L] [ v v ¥
1) THULE

" 2) CHURCHILL
3) ALERT

4) GOOSE BAY
- $) INUVIK

6) SOUTH POLE
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8) Mc MURDO
9) DUMONT
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Nucleonic intensity at 9 selected stations, normalized to a standard
pressure, during two 5-minute intervals when solar cosmic rays first
reached the earth on January 24, 1971, plotted as a function of cos 6,
where the pitch angle 6 is the angle between the effective direction
of viewing and the assumed axis of symmetry.
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2330 - 2333 U.T.

f
0

2335 - 2340 U.T.

Fig. 4. Polar plot showing sectorial structure of the particle flux with respect
to the axis of symmetry during the same intervals as in Figure 3.
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On the basis of these data and the coupling coefficients given by Lockwood and Webber
(19671, the value of the spectral index in a power law representation (dI/dP = kP=Y) of the
differential primary solar particle spectrum is Yy =5.0 +0.3.

B. Spatial Distribution

An examination of the data recorded at nine stations with appropriately narrow asymptotic
cones reveals that the flux was anisotropic during the period 2330-0100 UT. However, the
anisotropy was limited to a narrow region between two essentially isotropic sectors. Since
large departures from the magnitude of the intensity increases recorded at other stations
were observed at only two sites, McMurdo and Dumont in Antarctica, estimation of the precise
direction of the axis of symmetry is precluded. Hence a nominal value of the location of the
axis at geographical Tatitude 50° south and Tongitude 135° east was assumed in the annalysis.

The theoretical prediction that, with the usual magnetic field power spectral densities
in the interplanetary space, the solar particle flux depends on the cosine of the pitch angle
has also been verified experimentally [Duggal et al., 1971; Maurer et al., 1972]. Consequently,
in Figure 3, the normalized intensity enhancements recorded at the nine stations in two inter-
vals close to the onset of the relativistic solar particle precipitation are plotted as a func-
tion of cos 6, where the pitch angle 6 is the angle between the effective direction of viewing
and the axis of symmetry.

The sectorial structure in the distribution of the particle flux with respect to the axis
of symmetry immediately following the onset (i.e., the two 5-minute intervals indicated in
Figure 3), as depicted schematically in Figure 4, is striking. There is a Targer uncertainty
in the sector close to the axis, since it was necessary to estimate the intensity at Dumont in
shorter intervals from 15-minute readouts.

The history, in successive guarter hour intervals, of the development of the anisotropy,
culminating in the final isotropic state, is shown in Figure 5. The dashed lines bridge the
transition from large flux to a Tower level, since the shapes of the curves in this anisotropic
region are indeterminate owing to the lack of suitably-Tocated stations. Thus, the domain of
the anisotropy, centered near 60° from the axis of symmetry, extended over only about 10° for
the entire 1% hour interval following onset before complete isotropy set in.

C. Parent Flare Identification

As noted earlier, two concurrent flares were eligible for identification as the source of
the solar cosmic rays. A detailed theoretical analysis of the propagation characteristics
revealed that the actual time of emission of relativistic particles from the sun was 2320 + 0001
UT. This estimated time of maximum is almost coincident (within two minutes) with the observed
maximum phase of Ha brightness of the 3B flare which is identified by the analysis as the source
of the relativistic particles.

4. Conclusion

The results summarized above have clearly established that, at least in this event, solar pro-
tons with energies of about 0.5 Gev were not released simultaneously with the onset of the chromo-
shperic eruption on the sun. Instead, the ejection time was close to the flash phase of the 3B
flare.

On account of the short duration of the January 24-25, 1971, event which was marked by a large
anisotropy, a detailed comparison between the predictions of different diffusion models that have
been proposed thus far is not feasible. Furthermore, although the pitch angle distribution of the
solar particles was unusual, the diffusion coefficient and the outer boundary of the scattering
region were not different from those determined for other events, i.e., (11 £ 4) x 102! cm?/sec
and 1.8 £ 0.3 AU, respectively.

In summary, this abnormal GLE is the first in which the bulk of the anisotropy was limited to a
very narrow region. For the entire 1% hour interval before isotropy set in, the anisotropy, which
was as great as 60%, was 1imited to a 10° cone centered about 60° from the spiral magnetic field
Tine. Outside this anisotropic sector, the scattering was independent of pitch angle.
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The Ground Level Increase and Variations of Cosmic Rays on January 24-30, 1971

by

N. P. Chirkov, V. I. Ipatjev, G. V. Skripin,
G. G. Todikov, and A. T. Filippov
Institute of Cosmophysical Research and Aeronomy, Yakutsk Branch
Siberian Department of the Academy of Sciences of the USSR, Yakutsk, U.S.S.R.

On January 24, 1971 at the very end of the day the increase of solar cosmic.rays was registered
by the Siberian net of stations. Coordinates of stations, their threshold rigidity [Shea et al., 1968]
and the intensity amplitudes are Tisted in the Table. The stations are equipped with neutron super-
monitors.

Station Rigidity Geographical AmpTlitude (%)

(Gv) Latitude Longitude Jan 24 Jan 25
1. Tixie Bay 0.52 71.5°N 128.9°E 8.1 8.0
2. Norilsk 0.60 69.3 88.1 - 5.5
3. Yakutsk 1.85 62.0 129.7 9.8 5.4
4. Magadan 2.15 60.1 151.0 7.8 3.9
5. Novosibirsk 2.85 54.8 83.0 - 2.2
6. Irkutsk 3.75 52.4 104.0 2.8 1.5

7. Khabarovsk 5.55 48,5 135.2 - 0.2

Five and fifteen-minute intensity values during the flare are given in Figure 1, and hour values
during the flare accompanied by two Forbush decreases are presented in Figure 2. Data are corrected
for barometric pressure. In Figure 1 the statistical errors are indicated. Five-minute data from

station Deep River are presented for a comparison.

It is evident from Figure 1 that the cosmic ray increase started at 2340-2345 UT and reached its
maximum at 2350-2400 UT. The amplitude increase at high Tatitude stations was 9-13 percent.

A small intensity increase (about 2 percent) at the end of 2200 UT in Tixie Bay and (2-3 percent)
at the end of 2100 UT and at the beginning of 2200 UT in Yakutsk was observed.

In Figure 3 the dependence of the amplitude increase on threshold rigidity is given. Crosses are
amplitudes defined for the period of time 2345-2400 UT, January 24, and they are given in the next to
last column of the Table. Points are amplitudes determined based on Figure 2 for 0100 UT, January 25,
and they are Tisted in the last column. For a zero level a mean intensity value for 2200 UT and
2300 UT, January 24 was taken in the latter case. From Figure 3 it is seen that the dependence of
the amplitude increase on rigidity has the form A(P) ~ P-Y, where vy = 1.85 + 0.05. From Figure 1 and
3 it is also seen that in Tixie Bay at 2340-2400 UT, January 24, i.e. at the increase maximum and at

the beginning of the first hour, January 25, intensity was lower than could be expected from the Tat-
itudinal effect. This fact is explained below.

Let us assume according to Krymsky [1969] that theatime gependence of intensity during the flare
has the form n(Rg, t) = Br 7FG o= T

where B is constant, and 2 - o . Dt

T =
R jz- RZ
®

Here Rt is a distance from the Sun to the Earth, Ry is the Sun's radius, D is the diffusion
coefficient, t is the time from the increase commencement. Parameter a s a characteristic of a de-
pendence of diffusion coefficient on distance: D(r) v r% If o = 0 the equation for n changes into
the usual diffusion equation. If assume o = 0.25-0.50 and take 2335-2340 UT, January 24, for increase
commencement, we make the estimated and experimental curves for Tixie Bay and Deep River agree. Then
we obtain a diffusion coefficient of (2-3)x10%2 cm?/sec.
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Cosmic ray intensity variations during the flare on January 24,
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Fig. 2. Cosmic ray intensity variations during the period January 24-30, 1971 in Tixie Bay,
Norilsk, Novosibirsk, Magadan, Irkutsk, and Khabarovsk.
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Variations of cosmic ray intensity of the order of an hour or less are of great interest. 1In
order to study them we have smoothed out five-minute data from several stations using the method of
sliding means in 3 points, at first, then in 12 points. After that we have subtracted from the first
line of smoothed values the second one. The results are presented in Figure 4 from which it is clear
that the variations of cosmic ray intensity occur at all the noted stations with an amplitude reach-
ing 1 percent and with periods of 20-60 minutes. Under our method of treatment the periods of more
than 60 minutes, or less than 20 minutes, are almost expected. Variations during the increase are
also distorted. At the same time from Figure 4 it is evident that in Tixie Bay before the increase
and at the increase commencement the 50-55-minute variations with amplitudes of 1.0-1.5 percent
occurred. A Tower value of intensity was in Tixie Bay at the flare maximum and it can be explained
that a minimum value of the 55-minute wave accounts for that period.

Cosmic ray variations with periods of 20-60 minutes have been found by us earlier in Chirkov and
Ipatjev [1969], where the nature of their origin was discussed. It was shown that their amplitude-
frequency spectrum coincided with that of inhomogeneities of the interplanetary magnetic field.
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Fig. 4. Cosmic ray intensity variations during the period 2300 UT January 24 -
1300 UT January 25, 1971 in Alert, Churchill, Inuvik, Goose Bay,yDeep
River, Tixie Bay, Dallas, and Irkutsk.
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Upper Cutoff in the Proton Spectrum of January 24 and September 1, 1971 Events

by

Dj. Heristchi, J. Pérez Peraza® and G. Trottet
Laboratoire de Physique Cosmique
Verrigres le Buisson [France]

In an earlier publication, [Heristchi and Trottet, 1971] arguments have been advanced in favor
of the existence of an upper cutoff in the spectrum of solar protons in the case of the events of
January 28, 1967 and March 30, 1969. This quantity, even when it is determined in the Earth's envi-
ronment, is directly related to the Source Spectrum, for, contrary to other parameters of the
Source Spectrum, it is almost unaffected by the propagation of particles in the interplanetary
medium. When the magnitude of this upper cutoff is of a few GV it can be evaluated from Neutron
Monitor (NM) data. As the "Specific Yield Function" for protons (SYF) increases with the rigidity,
the neutron monitor is a particularly good means of this measurement. The purpose of this paper is
to determine the upper cutoff during the January 24-25, 1971 and September 1-2, 1971 events.

A first method consists in using the world-wide network of NM as a rigidity spectrometer while
adding the presence of a maximum rigidity in the proton spectrum [Heristchi and Trottet, 19717.
Mountain stations are ignored and a double correction of the barometric effect is applied. The per-
centage increase (F) for one NM may be formulated as follows [Palmeira et al., 1970}:

F= .1 PHs (P) dp (1)

where P is the magnetic rigidity of the protons, A; a constant, N_ the counting rate due to galac-
tic cosmic rays with a standard NM located in a place of magneticorigidity Pes Py the upper cutoff,
P~H the differential spectrum of the primary solar protons and S{P) the SYF. Here we use for Ng
the values obtained by Carmichael et al. [1966], for P the values calculated by Shea et al.
[1965], and the Lockwood and Webber's [1967] SYF which is represented by power laws in different
rigidity bands.

By using for each time interval the percentage increase at several NM stations Jocated in dif-
ferent geomagnetic latitudes and by applying the least square method, it s possible to determine

Al’ u and Pm. By writing equation (1) as a function of energy, we obtain:
A2 Em _
F= 5 EY s (E) dE (2)
g
Ec

where EC corresponds to PC for protons.

This method is only applicable for an isotropic event. In the case of a noticeable anisotropy
or of a Tack of data we can proceed as follows [Heristchi et al., 1972]. The ratio R = F1/F2
of the percentage increases at two stations viewing in similar mean asymptotic directions and Tocated
in different P is calculated. From equation (1) this ratio is computed as a function of Pp for dif-
ferent values of u. Two examples of the curves R = f (Py,u) are shown on Figure 1.

By choosing three or two pairs of stations in different cutoffs, it is possible to determine Pm
and u. We consider three stations with Py, Pcp and Pe3 (Pep < Pep < Pc3) in order to have Py near
Pc3 and substantially larger than P¢1 and Ecz. Pm and u are determined,” from Ry = F1/F2 and Ry =
F1/F3, by means of an iterative method. Starting from one Py larger than Pc3, n is determined by
using Rj. The knowledge of u allows one then to find Py from Rp.  This new Pm is used to obtain a
new p and so on. This method is rapidly convergent. Evidently if u is deduced from other measure-
ments, Ry is sufficient to evaluate Py and vice versa.

In order to estimate the magnitude of Py, it would be possible to search from which cutoff the
event is not registered. The preciseness of this procedure is not sufficient to determine Pms but
it can be used to corroborate the results deduced from the preceding methods.

+ On leave from the E.S.F.M. of the Instituto Politécnico Nacional, México.
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Fig. 1. Expected ratios of relative enhancements of two pairs of stations versus
P for different values of yu.

January 24-25, 1971 event

The time variations recorded at different NM stations during this event are shown in Figure 2.
As this event is not very anisotropic, the first method has been applied to the hourly counting
rates of several NM. "Since records of Tow latitude stations show that the galactic background
varies during the event, this method has been applied in two different ways:

- The background variations have been neglected (background = mean level before the event).

- A variable background for all the stations has been deduced proportionally to Rome's
smoothed variations.

The results are similar in both cases and for different hours.
We obtain:

i
1]
I+

P (3.7 - 3.9) £ 0.4

n = (3.5 -4.0) % 0.6 GV 5y

+

E (2.7 - 3.0) £ 0.5 Gev; v = (2.7 - 2.8) + 0.4

m

In Figure 3 the percentage increases between 0000 UT and 0100 UT on January 25 is plotted against
P> and the Figure shows the predicted curves of various forms of the differential spectrum. These
curves indicate that the best agreement with the experimental points is obtained with an upper cutoff
in the differential spectrum.
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Considering that this event is slightly anisotropic the second method has been applied to
two groups of three stations. The results are:

- from Kerguelen (1.2 GY), Leeds (2.2 GV), Lindau (3.0 GY).
Pp=4.0£0.6GY ; u=4.0=%0.4
- from Qulu (1.0 GV), Kiel (2.3 GV), Lindau (3.0 GV).
Ppn=4.6 £0.6 GY ; u=4.6+0.4
Within the errors all these results are in agreement.
However, from balloon measurements in the 100-500 Mev energy band, Charakhchyan [1972] has found
y = 3.8 to 4.2 corresponding to u = 4.8 to 5.2, values larger than ours. This difference is partly
due to the correction which has been applied for the nuclear interaction of 100-500 Mev protons in
the atmosphere, and partly to a possible decrease of the Pc of the stations, for the Kp index reaches
a value of 4 during the event.

September 1-2, 1971 event

In Figure 4 the counting rates of several NM during the event are plotted against time. Both
methods have been applied to the hourly percentage increase and to their sum through 2000 to 2400 UT.
Using Pp. so deduced, u can be evaluated from Ry = Deep River (1.0 GV)/ Swarthmore (1.9 GV). ATl
the results are shown in Table 1. It follows from this Table:

- The values of Py and u, deduced from the different methods, are all consistent:
- Ep and Py remain substantially constant in time.

- v and y increase with time. This can be explained by the propagation of particles
in interplanetary space. .

Figure 5 is equivalent to Figure 3 for this event. Here again, it is clear that the best agree-
ment with the experimental points is obtained with an upper cutoff in the differential spectrum.

A small increase is visible on Pic-du-Midi's hourly and fifteen minutes records between 2100 and
2200 UT. However, only one of the three sections of this NM shows this increase, so it cannot be due
to the event. Moreover, as it can be seen from Figure 4, there is no increase in Dallas's records.
It is to be noted that during this event there is an enhanced diurnal variation and that the magnetic
activity is very low.

Table 1
Universal First method Second method
time
Em Y Pm u Pm+ ut -+
2000-2100 2.5 1.3} 3.3 1.6
2100-2200 2.4 |1 2.6 | 3.2 3.5 3.2 13.2 | 2.6
2200-2300 2.1 12.8}2.9 ] 3.8 2.9 | 4.2 | 3.6
2300-2400 2.1 13.212.9| 4.4 4.0
Sum 2.3 | 2.7} 3.1 | 3.6 3.0 | 3.6 | 3.6

+  From Kiruna, Leeds and Utrecht.
++ From Deep River and Swarthmore by using Py from fourth column.

The two events discussed here show upper cutoffs of the same order of magnitude as in the case
of the events of 28 January 1967 and 30 March 1969. Preliminary results obtained on other events,
recorded by Neutron Monitors, indicate that the upper cutoffs are of a few GV except for the February
23, 1956 event, the Py of which is larger [Heristchi et al., 1972].
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The Ground Level Cosmic Ray Increase of January 24, 1971
Recorded by the Neutron Monitor in Bergen, Norway

by

R. Amundsen and H. Trefall
Department of Physics
University of Bergen, Norway

The Bergen neutron monitor data for the January 24, 1971 event is presented in Figure 1. The
graph presents hourly values and is plotted as a percentage of the pre-event average count-rate. The
data are pressure corrected to 990 mb {coefficient 0.74%/mb) and represent the mean of two sections.
The 100% Tevel is at 8560 counts per hour for the January event. The standard deviation is shown

on the graph.

The neutron monitor station in Bergen is at sea level, and the geographical position is N60°24'
latitude and E5°24' longitude. The cut-off rigidity is 1.2 GV.

For the January event, the maximum count-rate is recorded in the time interval 0000-0100 UT
January 25, and the recorded increase amounts to 10.6%.

T
. | |
|
| [ NEUTRON MONITOR
, I BERGEN NORWAY
+10 %o — : L
i !
{St. dev. | l
! |
|
+5 Yo — f : -
|
7 | |
! l
!
100 % — | |
% ‘ / 77
|
| n |
-5 0/0 [ i |

JAN. 24 JAN. 25 JAN. 26
UNIVERSAL TIME 1971

Fig. 1. Bergen neutron monitor data for the January 24, 1971 event.
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Rocket Measurements of Energy Spectra of Protons and
Alpha Particles during the January 24, 1971 SoTar Event

by

H. Hempe and M. Witte
Institut flr Reine und Angewandte Kernphysik
Universitdt Kiel, 23 Kiel, G.F.R.

During the ESRO-PCA campaign 1971 two Centaur rockets were launched from Kiruna 13.5 and 35.7
hours after the proton flare on January 24, 2308 UT. Preliminary energy spectra of protons between
22 and 133 Mev and alpha particles between 22 and 110 Mev/N are presented.

The experiment consisted of a dE/dx-E- scintillator telescope with an energy dependent geometry
factor between 3.6 and 1.7 cm2sr for 22 and 133 Mev protons, respectively. Coincident pulses in the
dE/dx- and the E-scintillator were analysed by two 256-channel pulse height analysers. The channel
numbers together with the response of the anticoincidence detector were transmitted in realtime as a
21-bit word through the IRIG 19 telemetry channel. To be able to correct for deadtime effects in
this channel the counting rates of two- and threefold coincidences were transmitted through a separate
telemetry channel.

For 280 seconds flight time above approximately 75 ki two-dimensional pulse height distributions
were constructed for unique identification of protons and alpha particles.

Figure 1 shows the energy spectra of protons and alpha particles during the first flight (FI)
on January 25, 1238 UT and the second flight {F2) on January 26, 1050 UT.

The intensities have been corrected for deadtime effects of 95.5% during F1 and 46.5% during F2.
The error bars include statistical and estimated systematical errors. Due to pile up and saturation
effects caused by the high particle fluxes during the first flight, the uncertainties in the energy
spectra of F1 might still be larger than indicated.

The data points at lower energies are obtained by the Utrecht Group [van Beek, 197271 in a rocket
flight from Kiruna on January 26, 1322 UT, 2.5 hours after F2. During this period the proton flux,
as measured by ATS-1, decreased by only 20%.

The energy spectra are gradually steepening as a function of energy. Conversion to a rigidity
spectrum (Figure 2) shows that the alpha particles are well fitted by an exponential law

80 + 20 MV for F1

. P +
dN/dP = const exp (-P/Pg) with [0 86 + 18 MV for F2

Po

non

The proton spectra are flattening towards lower energies and are bending over at approximately
200 MV which s probably due to geomagnetic screening. According to recent calculations of Smart
et al. [1969] the daytime vertical cutoff of Kiruna is approximately 500 My.
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Cosmic Ray Solar Flare Event of January 24, 1971

by

M. Arens, H. F. Jongen, J. Skolnik
Natuurkundig Laboratorium, Universiteit van Amsterdam
Amsterdam

and

l.. D. de Feiter
Laboratorium voor Ruimte-Onderzoek
Utrecht

ABSTRACT

On January 24, 1971 at 2335 UT an increase in counting rate was measured by
high-Tatitude Neutron Monitors, probably caused by solar particles accelerated
in the flare of importance 2B at N18 W44 at 2300 UT January 24, 1971. The dif-
ferential rigidity spectrum was found to be a power law spectrum with exponent
vy = 5.5.

The intensity-time profile is consistent with the ADB-model of Burlaga with
an absorbing boundary at about 2 A. U.

Introduction

On January 24, 1971, at 2300 UT a solar flare of importance 2B was observed at N18 W44. Between
2335-2340 UT an increase in the counting rate of high-Tatitude Neutron Monitors was recorded, most
probably caused by energetic particles of this flare. From the data of the Calgary and Sulphur
Mountain Neutron Monitors the absorption Tength for the solar particles in the atmosphere is cal-
culated. The fractional increase in intensity is then computed with the method of the 2-attenuation
Tengths [McCracken, 1962]. Using the model for the propagation of solar particles as proposed by
Burlaga [1967] the time profile for the data of the Deep River Monitor is investigated.

Calculation of the Atmospheric Absorption Length for the Solar Particles

As is well known [e.g. McCracken, 1962], the absorption length, Ag, of energetic solar particies
is different from the absorption length Ags of galactic cosmic rays due to the relatively low energy
of the flare particles. M\g is calculated from the data of two neighboring Neutron Monitor stations
at different atmospheric depths: Calgary and Sulphur Mountain [Wilson et al., 1967]. It is found
that]kf = 102 + 3 gr/cm®, in agreement with values of Af given earlier [McCracken, 1962; Wilson et al.,
1967].

Station Altitude Re Ageomagn. Qgeomagn.
Sulphur Nt. 2283 m 1.14 GV 58.16° 300.33°
Calgary 1128 m 1.09 GV 58.30° 302.13°

The fractional increases reduced to 1030 gr/cm® are calculated with the 2-attenuation lengths
method for periods of 15 minutes. The results are summarized in Table 1.

Spectrum of the Solar Flare Particles

For the construction of the spectrum of the solar flare particles we used the galactic proton
spectrum of May 1965 [Gloeckler and Jokipii, 1967] and the specific yield functions as given by
Lockwood and Webber [1967]. From the Deep River data we deduced a 10% reduction, due to the 1l-year
modulation, at the moment of the flare as compared with May 1965. This modulation was taken into
account for the calculation of the galactic component.

With the fractional increases in intensity for the stations with R; between 1-5 GV and the
specific yield functions the differential rigidity spectrum was found t0 be a power law spectrum
with spectral index y = 5.5 + 0.5. Because of the errors involved in this deduction it is dif-
ficult to get an impression of changes of the spectrum during the event.
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Table 1

Percent increase in Neutron Monitor counting rate corrected

with the 2 - attenuation length method

ut ut ut uT uT
RC 2330-2345 | 2345-2400 | 0000-0015 | 0015-0030 | 0030-0045
Dumont d'Urville | 0.05 12.2 18.0 18.0 12.2 10.8
Ft. Churchill 0.21 4.0 - 11.9 10.2 7.3
Kiruna 0.54 3.5 14.8 14.1 10.4 8.5
Oulu 0.81 2.6 12.7 12.1 9.4 8.6
Deep River 1.02 4.0 10.8 11.3 9.2 8.3
Kerguelen Is. 1.19 3.8 7.7 8.7 8.1 6.8
Uppsala 1.43 5.4 7.6 9.8 7.0 7.8
Kiel 2.29 1.7 3.7 2.8 2.0 1.7
Utrecht 2.76 2.2 2.7 2.1 1.1 1.4
ADB Model

The model for the propagation of solar particles as proposed by Burlaga [1967] was applied
to the Deep River data for this event. For the increasing phase the model predicts a dependence

of the intensity as a function of time as:

F(t) = ~b/2

Ky exp(-S./t) t with
F intensity increase, K; a constant, S =2.51t., t time of maximum intensity; t is counted from the
injection time tg. The best fit for a stra1gﬁt 11ne through the data of the plot

5/2}

In {F(t) t versus t'l with t, as parameter was obtained for

= 2320 UT  (Fig. 1)

From the slope of this Tine S, is found to be: S
value of ty with ty = 2320 UT is: =40 -~ 45 m
sidered reasonab1e

118 min. +'17 min. so t = 47 min. The measured

?n. The agreement between these values may be con-

As has been shown by Snyder [Snyder et al., 1963] there exists a linear relationship between
the solar wind velocity and ZKp:

= (8.44 + 0.74) ZKp +(330 = 17) km/sec.

The solar wind velocity is related to the angle O, between the earth-sun Tine and the inter-

planetary magnetic field line connecting with the eart

) = 32900/v °West [Burlaga, 19671].

For January 24, 1971 3K, = 17+; this yields v = 476 + 30 km/sec. and ©; = 69 + 4 *West.

1

Following Burlaga [1967] and Lockwood [1968] t being a Tinear function of @
angle between the flare position on the sun and the origin of the interplanetary magne
line connecting with the earth, 9, can be calculated from:

being the
%10 field

2 _ 10(ty-a)
© g
from Burlaga's Figure 6. For g Burlaga gives the value: g = 6.5 = 0.5 hours. Using this value

and 91 as der1¥ed earlier, the following estimate for the flare position is obtained:
Of 45 + 5 The visual flare was observed at W44.

€] with constant a = 40 min. as derived
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For the decreasing phase of the flare event the Burlaga model predicts an intensity versus
time dependence as:

F(t) = K, exp (~t/tD) with
F intensity decrease, K, a constant and tp the decay time-constant. The slope of the Tine 1n F(t)

versus t for the early part of the decreasing phase, Figure 2, yields: tp = 132 min. % 16 min.
With this value of tp the position of the absorbing boundary:

o= ? ty 1/2
is found to be:

T0X £t - go.?

r. = 1.8 A. U.
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Scintillation Monitor, Bologna, Italy. 15-Minute Observations

by

M. Galli, T. Fiandri
Istituto di Fisieca "a. Righi"
Universith degli Studi di Bologna

MR, Attolini
Taboratori T.E.S.R.E,
Consiglio Nazionale delle Ricerche, Bologna

Tigure 1 presents for January 21-27, 1971 the total ionization
(T), the atmospheric pressure a%t ground level (P), and the hard
components: 45° inclined towards West (W), 45° inclined towards
East (E) and vertical cubiecal coincidences (V).

Table 1 presents the data from the scintillation monitor at
Bologna. The tabulated data should be read with a decimal point
after the second figure of each number. The numbers are devia-
tions in % units from a fixed value of pressure corrected data
at the end of each 15-minute interval.
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6. IONOSPHERE
HF Doppler Observation Associated with Cosmic Ray Increase of January 24, 1971

by

Minoru Tsutsui and Toru Ogawa
Ionosphere Research Laboratory
Kyoto University, Uji, Kyoto, Japan

From the time dependence of the ground-level cosmic ray and the lack of outstanding geomagnetic
activity on January 24-25, 1971, this cosmic ray event is thought to be an F-type increase. An
impulsive flare, therefore, is thought to precede the sudden increase of this type cosmic ray event.
In general, the most remarkable characteristic of a flare which radiates solar cosmic rays is the
fact that it is followed by the IVu type solar radio burst. It is well known that the IVu type solar
radio burst has a good correlation with sudden ionospheric disturbances (SID's) according to results
of various ionospheric observations. HF Doppler observations detect it as a sudden frequency
deviation (SFD). So the time relation of these phenomena, i.e., solar flare, solar radio emission,
cosmic rays and SFD, is expressed in Figure 1. In this figure, the time of start and maximum phase
of the solar flare, the solar radio emission and the neutrons of cosmic rays are the results from
the observations of Manila, Toyokawa and Deep River, respectively. The HF Doppler was observed at
Uji (Kyoto). -

The SFD recorder trace from the spectrogram is shown in Figure 2. This record consists of two
frequency signals; one is JJY 5 MHz which is one of the standard radio frequencies in Japan and the
other belongs to BPV 10 MHz whose station is at Shanghai. Distances from Uji to JJY and BPV are
about 360 and 1400 km, respectively.

The frequency shifts Af of the received signals are proportional to the time ratio of the
increment of electron density AN, ( Af « [dN/dt]), to the change in a non-deviative layer. In the
present case, there is a good correlation between Af versus time for the 10 MHz signal which is
reflected from the F Tayer and the time ratio of increasing flux of solar radio emission at 9000 MHz
observed at Toyokawa. In the trace of the 5 MHz signal, a similar shape is seen. It is well known
that Doppler frequency shifts Af are inversely proportional to the freguency used f, Af « =%, when
the refractive index changes in a non-deviative region. Judging from this fact and these two traces,
it seems that the present burst affects the region Tower than the E layer, which is not the reflect-
ing point but rather the non-deviative region for these two waves. The 5 MHz signal, however,
vanished at 2318 UT because of the wave absorption accompanied with the increment of electron
density in the D or Tower E Tayer. This lasts until 0045 UT (0945 JST) on January 25. In the trace
of 10 MHz signal, the effect of multipass propagation can be seen about 0000 UT (0900 JST) on
January 25. It might be thought that this effect is due to the arrival of cosmic rays in the upper
jonosphere, but this is unclear.

Radio
Flare SFD Burst(9000MHz) Cosmic Rays (Neutron)

Y

/ /// ///

// L ///

2 -

a e start max.phase

| < /l ] L - I T | i
2300 2330 0000 UT
0800 0830 0900 JST

Fig. 1. The time relation of start and maximum phase of solar flare, SFD, solar radio emission and
cosmic rays.
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EFFECTS OF THE JANUARY 1971 SOLAR PARTICLE EVENT ON POLAR VLF PROPAGATION

JOHN P. TURTLE
POLAR ATMOSPHERIC PROCESSES BRANCH
AERONOMY LABORATORY
ATR FORCE CAMBRIDGE RESEARCH LABORATORTES
BEDFORD, MASS. OL730.

Measurements of VLF propagation in polar cap regions are made at the AFCRL Geopole Observatory at
Thule AB in Greenland as a monitor of D-region particle precipitation disturbances. During the solar
particle event on 24 January 1971 two VLF transmitters were being monitored; one was GBR (16.0 kHz) in
England and the other was NPG (18.6 kHz) in Washington. These paths are shown in Figure 1.

The effects of the 2L January 1971 particle precipitation event on the amplitude of the signals
from the two transmitters are shown in Figure 2. No phase data is presented as the crystal standard
used at that time was not stable. No SPA effects were detected on either path as the sun was below
the horizon over all of the GBR path and most of the NPG path. Particle precipitation effects first
occurred at 2335 UT on 24 Januvary. Amplitude
attenuation on the NPG-Thule path reached a oy
maximum of about 14 dB at 1300 UT on 25
Januvary. The attenuation produced by the
polar cap disturbance on the GBR-Thule path
was much larger than on the NPG path due
to the effect of the 900 km of the Greenland
ice cap which the signal crosses. Because
of the attenuation the GBR signal was lost
until 29 January. The maximum attenuation
on this path must have been more than 30
dB. The signals did not return to normal
levels until 2 February 1971l. The dis-
continuities in the data on 30 January and
5 February indicate that there were additional
disturbances on these days.

Fig. 1 Polar VLF Propagagation Paths to the Geopole Observatory

1
AMPLITUDE 2335 UT
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Fig. 2 VLF Amplitude Data for the January 1971 Solar Particle Event
(The dotted line is an arbitrary reference level)
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30 MHZ RIOMETER DATA FOR JANUARY 1971 SOLAR PARTICLE EVENT

RAYMOND J. CORMIER
TONOSPHERIC RADIO PHYSICS BRANCH
TONOSPHERIC PHYSICS LABORATORY
ATR FORCE CAMBRDIGE RESEARCH LABORATORIES
BEDFORD, MASS. 01730

3.0 30 MHz RIOMETER ABSORPTION THULE AiR BASE GREENLAND

2.0
dB
1.0

25 26 27 28 29
JANUARY 1971 UT

AFCRL Geopole Observatory 30 Miz Riometer Data
for January 1971 Solar Particle Event

Cormier, R. J. 1971 Geophysics & Space Data Bulletin
Vol. VITT; No. 1
AFCRL Bedford, Mass. 01730
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The January 1971 Solar Cosmic Ray Event

by

A. J. Masley
Space Sciences Department
McDonnell Douglas Astronautics Company
Huntington Beach, California

Introduction

The McDonnell Douglas Polar Observatories are located at McMurdo Sound, Antarctica (77°51'S,
166°43'E) and at magnetically conjugate Shepherd Bay, N. W. T., Canada (68°49'N, 93°26'W). These
stations, at a geomagnetic Tatitude of 80°, are located inside the polar cap regions, removed pole-
ward from the auroral zones to minimize auroral interference.

Radio techniques are used which allow effects taking place at altitudes from 30 to 90 kilo-
meters to be observed with ground-based equipment. Riometers are operated which measure the signal
strength of galactic radio noise at 30 and 50 MHz. The ionization produced by the interaction of
the charged particles with the atmosphere increases the electron density so that radio waves pass-
ing through the ionosphere are significantly absorbed. The absorption of the radio waves at a
given frequency is proportional to the square root of the intensity of charged particles. This
technique is sensitive to protons from about 5 to 100 Mev. Other equipment operating at the sta-
tions includes magnetometers and photometers at 3914 R and 5577 f.

January 24, 1971 Event

McMurdo 30 MHz riometer absorption began to increase at 2352 UT January 24 after about 30
minutes of radio noise at 30 and 50 MHz. The entire event was observed in continuous daylight at
McMurdo (See Figure 1). The absorption increased to 8.5 dB at 0600 UT January 25. The absorption
varied near this level for 24 hours reaching a maximum of 11.8 dB at 1800 UT January 25. The
ionosphere at Shepherd Bay was illuminated down to 30 km for 8 hours each day. The maximum absorp-
tion observed during sunlight periods was 6 dB at 2000 UT January 25. The event gradually de-
creased to background on January 30.

Acknowledgement

This work was supported by the Polar Programs Office of the National Science Foundation under
Contract NSF-C393 and the McDonnell Douglas Independent Research and Development Program.

24 JANUARY 1971
SOLAR COSMIC RAY EVENT

12

° N\ McMURDO SOUND

~
e
—
5;“‘

30 MHz ABSORPTION {DB)
()

¥
. VMW
0 Ao Y M rsntianan,
-1 1 1 1 1 ! ) !
00 12 00 12 00 12 00 12 oo 12 00 12 (1] 12 oo UT
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Fig. 1. 30 MHz riometer absorption data for McMurdo Sound, January 24-30, 1971.
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Riometer Observation of the Solar Cosmic Ray Event of January 25, 1971

by

William M. Retallack, Warner L. Ecklund and Herbert H. Sauer
NOAA-Environmental Research Laboratories

This laboratory has for several years operated riometer observing sites on the Antarctic Continent
with the support of the National Science Foundation. The data reported herein were obtained at
frequencies of 29.85 MHz and 50.0 MHz, from sites at South Pole, Byrd Station, and Vostok. The data
from Vostok is obtained through a cooperative program administered by the Arctic and Antarctic Institute,
Leningrad. The geographic coordinates and approximate L-values of these observing sites are tabulated
below.

TABLE T
. Geographic Coordinates
Station Neme Latitude Longitude East L
Byrd -80.02 2ho. b7 7.23
South Pole -90.00 - 1h,02
Vostok -78.27 -106.5 >hs5,

The riometer observations for this period are shown in Figure 1. During this period
solar protons were observed by several satellites (as reported in "Solar-Geophysical Data") to arrive in
the vicinity of the earth and were detected by several ground-based sensors. Details of these
observations will undoubtedly be represented elsewhere in this publication.

As will be seen from the figures, the event as observed by riometer represents a fairly "classical"
case of PCA, although the first day shows considerable structure. During this period, the observing
sites were comtinuously illuminated and the profiles do not, therefore, exhibit the characteristic day-
night effect of PCA.

The data from Vostok indicates that the first measurable PCA occurred late on 24 January consistent
with the direct particle observation by ATS~1, although Byrd and South Pole 4id not respond until
several hours later.

REFERENCES

Solar-Geophysical Data, Number 318, Part I,
"Prompt Reports", February 1971,

U. 8. Department of Commerce, (Boulder, Colo.,
U.8.A. 80302)
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Polar Cap Absorption of January 24, 1971 by
Riometer Data in the Arctic and Antarctic

by

V. M. Driatsky and V. A Ulyev
The Arctic and Antarctic Research Institute
Leningrad, USSR

The present study is concerned with one of two strongest Polar Cap Absorption events recorded in
1971. PCA data were obtained by riometers installed at the Soviet Arctic and Antarctic stations.
Table 1 presents the station Tist, their geographical positions, invariant latitudes and the Sun's
altitudes.

Table 1

STATION LIST

Geographic Sun's altitude
Station name positions \
latitude | Tongitude o 26 January 1971 Notes
noon midnight
1. | North Pole 19 80°38'N 143°22'E 73.4°N | - 9°26' | -28°10" Positions for
) Jan. 26, 1971
2. Heiss Island 80 37 58 03 73.8 -9 25 -28 11
3. | Cape Zhelaniya | 76 57 68 35 70.3 -5 47 -31 49
4, Dixon Island 73 30 80 14 67.2 - 218 -35 18
5. Amderma 69 46 61 41 63.9 + 1 26 -39 02
6. Salekhard 66 32 66 32 61.0 + 4 36 -42 12
7. | Vostok Station | 78°27'S 106 52 84.3°S | +30 20 +7 16 Data received
by radio
8. Mirny 66 33 92 01 76.8 +42 15 -4 39 -t -
9. | Molodezhnaya 67 10 45 51 67.6 +41 38 -4 02 =M M

NOTES: Riometer frequencies: Vostok St. - 30 and 50 Hz, Mirny - 31.8 and 40 MHz, otier stations nad
riometers at 32 MHz.
Antennas at Vostok station are cophasal directed to zenith; at other stations antennas are
of Yagi directed to North Pole.

Polar Cap Absorption, 24-29 January 1971

This event seems to be associated with a solar flare of importance 2B, recorded on 24 January
at 2314-2332 UT on the western side of the solar disk (N19 W49) [Solar-Geophysical Data No. 3187.

Explorer-41 observed the enhancement of a proton flux which started at 0000 UT, 24 January.
The proton flux with energies Ep >10 Mev reached maximum F = 1171 cm-2sec-lsterad-! at 1300 uT,
25 January [Solar-Geophysical Data No. 328]. Figure 1 shows PCA intensity variations by the data
of 9 riometers. A1l these data are divided into three groups.

The first group covers the data of North Pole-19 Station (NP-19) and Heiss Island Station.
Both these stations are situated in the area of the polar night. The jonized region in the lower
ionosphere responsible for the PCA was not 1it by the solar rays at these stations. The absorp-
tion started to increase at about 0000 UT, 25 January, reaching its maximum value (approximately
2 dB) by the end of the day. On 29 January the absorption actually died out.

The second group covers a number of stations. They are Cape Zhelaniya, Dixon Island, Amderma,
Mirny, Molodezhnaya. These stations experienced varying degrees of day and night. This is most
pronounced at Mirny. At Cape Zhelaniya and Dixon Island where in January there is still a polar night
and where for a half of the day the sun's altitudes are negative (approximately - 5° and -2°,
respectively), the increase of the absorption was registered at Tocal noon.
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24-29 January, 1971.

Fig. 1.
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The variations of Mirny and Molodezhnaya PCA intensity during daytime seem to be attributed to
the midday recovery effect.

And finally the third group covers Vostok Station which is in the zone of polar day. The onset
of the absorption was at 2322-2356 UT on January 24. It was difficult to establish more exact time
of PCA onset owing to the Sun's strong radio emission, recorded by the station riometer at this time.
The sun's altitude at midnight was + 7°16', that is conditions were approaching equilibrium [Leinbach
et al., 1965]. That is why PCA intensity variations followed the variations of the proton flux den-
sity. No day-night effect was observed at this station. The absorption maximum falls on 1230 UT,
therefore it coincides with the maximum of the proton flux.

Comparing the PCA data of the first and the third groups assuming the proton fluxes over the

Northern Polar Cap and the Southern Polar Cap to be equal [Chivers and Hargreaves, 1965] we can see
that the ratio of the daytime absorption to that of the nignttime ranges from 4 to 8.

The geomagnetic disturbance of the .sc type was manifested as a short-time (15 minutes) absorp-
tion enhancement. The magnetic storm which follows the sc resulted in the decrease of the cutoff
rigidity at the edge of the Northern Polar Cap, manifested by the PCA increase at Salekhard, Amderma
and Dixon Island.

REFERENCES

CHIVERS, H. and 1965 Planetary and Space Science, 13, 583

I. K. HARGREAVES '

LEINBACH, H., 1965 Planetary and Space Science, 13 1075.

D. VENKATESAN and

R. PARTHASARATHY

1971 Solar-Geophysical Data, 318 Part I; 328 Part II, U.S.

Department of Commerce, (Boulder, Colorado, U.S.A.
80302).
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Ground\ﬁésedlIonospheric Observations from the Danish Geophysical Observatories
in GreenTand during the January 24 Event 1971

by

J. Taagholt and V. Neble Jensen
Tonosphere Laboratory
Technical University of Denmark
DK-2800 Lyngby, Denmark

The ionosphere data published below are reduced data based on routine measurements made at the
field sites:

Narssarssuaq (geomagnetic coordinates: Lat. N 71.4° Long. E 37.1°)
Godhavn (geomagnetic coordinates: Lat. N 80.0° Long. E 33.1°)
Thule (geomagnetic coordinates: Lat. N 89.1° Long. E 357.5°)

A1l three observatories, situated on the west coast of Greenland, are run by the Ionosphere
Laboratory, a division of the Danish Meteorolegical Institute. The vertical sounder used at
Narssarssuaq is a modified C-3/4, at Godhavn a J-5, and at Thule a C-4.

Additionally, Cosmic Noise Absorption (CNA) data obtained by means of TONLAB-Riometer at
30 MHz are shown from the same observatories as well as from Station Hord (geomagnetic coordinates:
Lat. N80.7° Long. E134.5°), Sdr. Strgmfjord {geomagnetic coordinates: Lat. N77.6° Long. E34.8°),
and Godthaab (geomagnetic coordinates: Lat. N75.0° Long. E29.7°).

The three Tatter stations are operated for the Ionosphere Laboratory by the Greenland Technical
Organization, Telesection.

Due to technical problems, the vertical soundings at Thule are missing for the January event.

The riometer recordings at Station Nord were established in May, 1971, and, therefore, no
CNA data exist from Nord for the January event.

January 24 Event

The CNA data (see Figure 1) show a short absorption event starting about 1200 UT on January 24,
more pronounced at Narssarssuaq and Godthaab with a maximum of about 2 dB and a duration of about
2-3 hours. At Sdr. Strgmfjord and Godhavn the same event is seen, but with Tess than 1 dB absorption.
At Thule no absorption at all is observed. The maximum absorption occurred at 1300 UT, coerresponding
to 1000 LMT on the f-plot (see Figure 2), where at Narssarssuaq, a pronounced increase in f-min is
seen.

Beginning at 0000 UT on January 25 the absorption increased during the next 12 hours very
smoothly at the trans-auroral station and very irregularly at Narssarssuaq, situated in the auroral
zone. The maximum absorption arrives first at the southern station and about 6 hours later at Thule.
The maximum absorption is most pronounced at the southern station, about 9 dB at Narssarssuaq, and
about 5 dB at Godhavn, but only 2 dB at Thule. The day-time absorption shows the typical solar
radiation effect, especially for January 25, where the absorption during sunlight periods is super-
imposed on absorption caused by the normal radiation corresponding to the solar angle. The uniform-
ity, especially at the four southern stations, shows that the absorption event covers a great area,
but with reference to the Thule data, does not seem to cover the total polar cap as the September
event did (see p. 419 of this report).

On January 25 the f-plot shows a "black out" from 0400 UT, although the CNA data do not show
higher absorption than during the 1300 UT event the day before. The same feature is seen on
January 26, where hours without "black out" correspond to the hours with maximum absorption. This
fact can perhaps be explained in that the short event during January 24 caused a very thin absorption
layer which did not effect the 5-7 MHz signal from the vertical sounder but caused absorption at
the 30 MHz riometer frequency.

January 26 data show again the common effect with stronger absorption during sun-light hours
and Tower during night hours, but not as pronounced as on January 25. During January 27 the general
feature is that the absorption decreases, but aiiroral absorption seems to haye large variations,
most pronounced at Narssarssuaq, with the maxifum between 0800 and 0900 UT corresponding to the
"black out" observed at Narssarssuaq during the same hours (0500 and 0600 LMT).

As seen from the Narssarssuag data, f-min is as high as 5 to 7 MHz between 1200 to 2100 UT on
January 26, corresponding to 1.5 - 3 dB absorption on the 30 MHz riometer data.

On the f-plot January 26 from Narssarssuaq the solid curve represents the month!y median
[Olesen and Taagholt, 1968] for foF2 from the same station's 1960 data. (This year is chosen because
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Fig. 1. 30 MHz Riometer data from January event.
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it is three years after sunspot maximum, as is 1971).

The data indicate that although the absorption is higher during the day, the critical frequency
is observed because the foF2 > fmin only during the day hours.

REFERENCES
OLESEN, J. K. and 1968 Tonosphere Data 1951-1966 Narssarssuaq and Godhavn,
J. TAAGHOLT Greenland, IONLAB Report R14, 1-64.
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Tonospheric Observations in Kiruna of the PCA Event of 24 January 1971

by

C. Jurén and J. Svennesson
Kiruna Geophysical Observatory
S-981 01 Kiruna 1, Sweden

Introduction

Ionospheric observations from Kiruna which may be related to the outstanding PCA event of
January 24, 1971, and the associated geomagnetic event are collected and presented in synoptic
Figures. Reproductions of magnetometer and riometer records are given in separate Figures. Iono-
sonde records from observing stations other than Kiruna have been included in the synoptic Figures to
show the latitudinal variations.

The coordinates of the stations are given in the table below:

Geographic Corrected geomagnetic+)
Latitude Longitude Latitude Longitude
Kiruna 67.8°N 20.4°E 64.8°N 104.2°E
Lycksele 64.6 18.7 61.7 100.6
Uppsala 59.8 17.6 56.9 97.1

The riometer records from Kiruna are replaced by records from Down Range Station, ESRANGE, when,
for longer periods, the riometer records in Kiruna are highly affected by radio interference. These
records are marked with the letters DRS.

The ionosonde data used are from the bulletins published by the Research Institute of National
Defense, Stockholm, Sweden.

The geographic coordinates of the transmitters of the VLF signals shown in this data report are
as follows: NAA (17.8 kHz) 44.6°N, 67.3°W; NLK (18.6 kHz) 48.2°N, 121.9°W; and HAIKU (13.6 kHz)
21.4°N, 157.8°N.

The PCA Event of 24 January 1971

The particle emitting flare was of importance 1B and occurred in the position N19 W50 with the
onset time 2309 UT. The optical flare was associated with observations of an X-ray flare and type IV
radio emission. A ground level increase of about 12% at Deep River started about half an hour later
(= 2340 UT). (The above data are taken from "Solar-Geophysical Data").

The PCA onset was observed in Kiruna at 2347 UT on the VLF NAA (17.8 kHz) - Kiruna signal. The
proton event had a maximum on 25 January and declined slowly until normal conditions were reached
around 2-3 February 1971. The ionospheric effects observed both by VLF and radio wave absorption
were of medium intensity.

A moderately severe magnetic storm started with a sudden commencement on 27 January, 0430 UT
and lasted until 29 January. The ionosphere remained moderately disturbed through February 1, 1971.

A general view of the event as observed in Kiruna is shown in Figure 1.

VLF Propagation

The PCA event was observed as a phase advance and an amplitude decrease starting at 2347 UT on
24 January 1971 on the signal of frequency 18.6 kHz from NLK. The onset occurred during a geomag-
netically moderately disturbed period when the phase was anomalously Tow.

A maximum phase advance of ~ 35 us and a maximum amplitude decrease of = 15 dB compared to the
normal Tevels were observed before noon on 25 January. No signal was received between 1400 UT and
1800 UT on 25, 26 and 29 January owing to transmitter maintenance. The VLF signal recovery started
about 1800 UT on 25 January and the normal phase and amplitude Tevels were reached around 2 February.

No effect was observed on VLF of the magnetic storm on 27-28 January.

+)G. Gustafsson, Arkiv for geofysik, 5, 595, 1970.
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The foF? plots are presented in the order of decreasing latitude.

The riometer absorption curve shows the maximum absorption during each hour. One-hour
values of the critical frequency foF?2 have been plotted. The hatched areas indicate

periods when the critical frequency was not measured due to black-out, and empty areas
correspond to periods when foF2 could not be measured for other reasons. The onset of

the PCA is observed on the phase and amplitude records of the VLF signal.
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Radio Wave Absorption

The records of cosmic radio noise at 27.6 MHz show some auroral type absorption around midnight
on 24-25 January. The common effect of a PCA, i.e. strong absorption during day and weak absorption
during night, started around 0600 UT on 25 January and showed a maximum value of absorption of = 6 dB
around 1130 UT. However, very 1ittle absorption was recorded on January 26.

High values of absorption with large variations (auroral type) were observed from 27 January to
1 February. A smaller superimposed effect of PCA absorption is also observed during the main phase
of the geomagnetic storm on 27 and 28 January. A maximum value of = 8 dB was recorded during the
magnetic bay = 2230 UT on 28 January. The original riometer records are reproduced in Figure 2.

The absorption is manifested in the plots of the critical frequency of the F2-Tayer as black-
out. A period of continuous black-out was observed in Kiruna between 25 January 0600 UT and 26
January 0300 UT, while only short periods of black-out occurred in Lycksele. The particie precipita-
tion evidently reached further to the south after the sudden commencement on 27 January, and black-
out then occurred more frequently in Lycksele. Black-out was recorded also in Uppsala on 28 January
2200 UT during the peak of geomagnetic activity.

The absorption observations indicate that the PCA effects moved to the north of Kiruna on
26 January after the time of the PCA maximum. The cut-off latitude was lowered after the sc of the
magnetic storm and PCA effects were again seen in Kiruna and Lycksele on 27 and 28 January.

Geomagnetic Activity

The PCA onset occurred during a moderately geomagnetically disturbed period around midnight on
24-25 January. After the geomagnetically extremely quiet day of January 26 (Kp sum 2+) a moderate
geomagnetic storm started with sc on 27 January 0430 UT. The sudden commencement was followed by
pulsations for several hours. A positive magnetic bay in the X-component started around 1230 UT
and reached a maximum deflection of +340 vy from the Sq curve around 1345 UT. The positive bay
changed into negative deflection around 1800 UT. At 2258 UT the X-component was defiected -600 vy
and the Z-component +320 vy from the Sq curve. This indicates that the main activity occurred to the
south of Kiruna.

The strongest geomagnetic_disturbance was observed in Kiruna between 2200 and 2300 UT on
28 January. The magnetogram showed maximum deflections from the Sq curve of -830 y for the X-
component and +400 y for.the Z-component. The Y-component varied between large positive and negative
deflections. It is concluded also in this case that the main activity occurred to the south of
Kiruna which is also confirmed by ionosonde observations. During the following nights the magnetic
activity in Kiruna was moderate (see Figure 1). Reproductions of the original Kiruna magnetograms
are shown in Figure 3.
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Report on Ionospheric and Whistler Activity at the Panskd Ves and PrBhonice
Observatories on January 24, 1971

by

P. Triska, F. Jiricek and J. Lastovicka
Geophysical Institute
Czechoslovak Academy of Sciences
Prague, Czechoslovakia

The jonospheric measurements made at the Panskd Ves (50°32'N, 14°34'E) and Prfhonice (49°59'N,
14°33'E) Observatories during the proton flare event of January 24, 1971 were not very fruitful.
The fonosonde at PrBhonice was not functioning. The wain part of this event accompanied by an X-ray
burst occurred at night. In the morning on January 25 the SID-monitoring records no Tonger exhibited
any flare influence nor any irregular or unusual phenomena. Usable and reliable data were obtained
only from absorption (A3; LF and HF) and whistler measurements.

The HF-absorption measurements show that the day-time absorption on 25, 26 and 27 January was
very close to the monthly median values of absorption, i.e., these days were free of the excessive
winter absorption. In such a case the LF night-time absorption data can give us direct information
about the proton flare influence on the Tower fonosphere. The general night-time absorption charac-
teristics for both measuring paths (272 kHz - reflection point 49°34'N, 16°03'E; 185 kHz - reflection
point 51°09'N, 14°06'E) are given in the following Table:

Night 24/25 25/26 26/27 27/28

272 kHz smail rise By 1825-2050 UT; normal normal
after midnight normal

185 kHz normal normal normal increase

A small absorption rise at 272 kHz after midnight 24/25 January is not confirmed by absorption
measurements at 185 kHz. The bay-T1ike absorption disturbance (By) observed at 272 kHz on 25/26 seems
unTikely to be connected with the proton flare event, because it is confirmed neither by our 185 kHz
measurements nor by multi-frequency measurements made at Kuhlungsborn [HHI, 1971]. Both these effects
are perhaps connected with the period of geomagnetic storminess (ssc - 1930 UT, 24 January according
to NOAA [1971] or they are more or less of random origin. An enhancement of absorption on the night
of 27/28 January and during the following nights is due to the magnetic storm which started at
0430 UT on January 27. Thus our LF-absorption data lead to the conclusion that the proton flare
event of 24 January exhibited no detectable effect in the night-time Tower ionosphere above Central

Europe.

The VLF observations are made at the Panskd Ves Observatory in the frequency range of 0.9 -
12 kHz between 50 - 52 minutes of each hour. According to these observations the VLF activity in the
interval of 24 - 27 January was Tower than the average activity. Thus it is not possible to follow
the variation of the electron-whistligrs dispersion during the three days following the proton flare
event. The dispersion of about 60 s* as observed on January 25 in the afternoon can be considered
to be normal according to the statistical results from long term observations at Panskd Ves [Jiricek,
1970; Jiricek, 1971]. Only the VLF emission occurring on 25 January 0650 - 0652 UT could be consid-
ered as a manifestation of disturbed conditions. It was a relatively weak chorus in the frequency
range of 1.5 - 3.5 kHz.

REFERENCES
HEINRICH-HERTZ INSTITUT 1971 HHI Geophys. Data, 22, January 1971, Berlin.
JIRICEK, F. 1970 On the Determination of Propagation Paths of Mid-

Latitude Whistlers for Purposes of Estimating the Magne-
tospheric Electron Density, Studia geoph. geod., 14,
402 - 413,

JIRICEK, F. 1971 Whistler Activity in Central Europe during the Period of
Increasing Solar Activity from 1964 to 1968, Trav. Inst.
Geophys. Acad. Tchecosl. Sci. 1969, No. 313, 287-289,
Academia, Praha.

NOAA 1971 Solar-Geophysical Data, 319 Part I, U.S. Department
of Commerce, {Boulder, Colorado, U.S.A. 80302).
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The Tonospheric Disturbances over Japan Associated with Solar Flare
on January 24 and Geomagnetic Storm from January 2/ to February 1, 1971

by

Yugoro Takenoshita
Akita Radio Wave Observatories, Radio Research Laboratories
Akita-Shi, Akita-Ken, Japan

This short note consists of two parts. The first part contains some development of HF wave ab-
sorption and of height variation of the D-region in the ionosphere associated with a solar flare on
January 24, 1971, and the second part contains traveling ionospheric disturbances from January 27 to
February 1, 1971 during geomagnetic disturbed interval.

Field intensities of JJY (2.5 MHz and 5 MHz) have been measured at Akita Radio Wave Observatories.
The field intensities of JJY on both frequencies at Akita suddenly decreased lower than threshold at
0809 UT on January 25, 1971 (135° EMT) when a solar flare occurred. The most severe absorption might
be more than 30 dB on both frequencies. They returned to measurable level after two hours on 5 MHz

and after one and a half hours on 2.5 MHz, and recovered to normal level about seven hours after the
event occurred.

TABLE 1

Particulars of the Transmitter and Receiver, JJY (5 MHz and 2.5 MHz)

Transmitters

Location Koganei, Lat. 35°42'N, Long. 139°31'E
Power 2 kW

Antenna Vertical, half-wave length

Distance 450 km

Receivers

Location Akita, Lat. 39°44'N, Long. 140°08"E
Antenna Vertical, a quarter of a wave Tength
Bandwidth 750 Hz at 2.5 MHz, 6 kHz at 5 MHz
Calibration Once a week

Furthermore, the field intensity and phase of a low frequency wave at 40 kHz (JG2AS) transmitted
at Kemigawa station were measured at Akita. The phase height of the D-region where an LF wave is
reflected can be estimated from the measured phase and field intensity. When the solar flare occurred,
the measured phase and field intensity at 40 kHz suddenly changed their values. It was estimated that
the phase height of the D-region dropped down more than 20 kilometers. This phase height did not re-
cover to normal height until the intensities of JJY returned to their normal level seven hours after
the flare occurred. Figure 1 shows the progress of the JJY intensities and the phase height at
40 kHz.

TABLE 2

Particulars of the Transmitter and Receiver, JG2AS (40 kHz)

Transmitter
Location Kemigawa, Lat. 35°38'N, Long. 140°04'E
Power T kW
Antenna Vertical, head loading
Distance 450 km
Recejver
Location Akita, Lat. 39°43'N, Long. 140°08'E
Antenna Loop
Bandwidth 500 Hz
Calibration Once a week
Phase ,
Correspondence 4/1000 cycle

After about fifty-three hours from the event, a geomagnetic storm, accompanied with sudden
commencement, began at 0430 UT on January 27. This storm did not develop as severely. Besides, the
northern hemisphere was in winter at this period, and the ionospheric electron density did not
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generally decrease very much. Short-term variations of the electron density in the F-region, however,
were observed during this geomagnetic storm. The periods of electron density variation varied from
two to four hours. The diurnal variation of foF2 on January 26 was very typical of the very quiet
geomagnetic field. After January 26, however, short-term variations were frequently observed in the
same manner at all four jonospheric observatories in Japan. If one compares the time of maximum foF2
among the different observatories, it was found that the jonospheric disturbance traveled over Japan.
It was, however, sometimes difficult to find correspondence among each time of maximum foF2 at the
different cbservatories, because it seemed that several disturbances were superposed one on the
other. Some combinations of times of maximum foF2 at three selected observatories were used to
estimate the traveling speed of the disturbances, when the ionospheric disturbances seemed to be iso-
lated from one another. Each estimated speed is shown in Figure 2 at time (UT) corresponding to
observation at Akita. Figure 2 shows also geomagnetic activity by means of Kp (geomagnetic planetary
index). It is necessary to explain two points. The first point is that each observation was made
every quarter of an hour. This sampling speed appears rather slow considering the observatory net-
work, The second point is that the disturbances with speeds of about 350 meters sec-1 and

10 meters sec™! are in the same category as T.I.D.s.

Nevertheless, Figure 2 indicates that speeds of T.I.D. followed geomagnetic activity, reaching
high speeds when the geomagnetic activity was at a high Tevel.

TABLE 3
Radio Wave Observatories of Ionospheric Observation in Japan
Observatories | Latitude Longitude Observatories | Latitude Longitude
Wakkanai 45°23.6'N  141°41.1'E Kokubunji 35°42,2'N  139°29.3'E
Akita 39°43.5'N 140°08.2'E Yamagawa 31°12.1'N  130°37.1'E
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Figure 2, Speeds of T.I.D. observed over Japan (showed by C)), and geomagnetic activity.
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Lower Ionosphere Affected by Proton Event

by

K. Bibl
Lowell Technological Institute Research Foundation

At the Maynard, Massachusetts, ionospheric station of Air Force Cambridge Research Laboratories,
a digital ionosonde has been measuring pulse amplitudes as function of frequency every quarter of an
hour since 1 November 1970. Digitally integrated output data are, after recording on magnetic tape,
compressed by computer processing and displayed with a special digital font printer as multidimensional
patterns of which Figure T is an example. The upper boundary of the dark area is the top frequency
{mostly fxF2) of the overhead F-region ionization while the lower boundary represents fbEs or fmin
respectively.

The readable numbers represent the maximum amplitudes of the echo traces in the height range
between 150 and 650 km. Between consecutive numbers 1ie 5 dB differential absorption on this repre-
sentation. But on the tapes two additional less significant binary bits are available for inspection.
Thus the amplitude resolution {s one dB.

Although the absolute calibration of the frequency dependence of the amplitudes was not always
maintained over the year, the method is excellent for day-to-day and short-term variation in

absorption because it monitors continuously about 100 frequencies.

This outstanding frequency diversity gives the erratically varying amplitude measurements
sufficient significance to discover even small changes in absorption. On 24 January 1971 a large
increase in absorption due to increase in ionization of the lower ionosphere occurred during the
ground proton event long after local sunset. The absorption reached a good fraction of the daytime
value. In Figure 2 the difference between the amplitude value at 1815 75° WMT (2315 UT) and the
average of the two adjacent quarter-hour measurements has been plotted for every second monitored
frequency.

An increase of absorption for this quarter hour by about 12 dB at 2.0 MHz decreasing to 1 dB at

7 MHz is apparent, although the variation around a steadily decreasing frequency-dependent attenuation
function is Targe. This Targe variation is a normal feature of absorption measurement due to
interaction of several modes with almost equal amplitude and delay. In this common case the phase
relation of the different modes determine the momentary total amplitude and Tead to a high variance

in the frequency dependence of the amplitudes.

The strong enhancement in absorption during a short time is certainly surprising. Synoptic
studies must be undertaken to determine if protons not following the Tine of sight are responsible
for the ionization of the Tower jonosphere or if the atmosphere is penetrated twice in grazing
incidence by the high-energetic protons.

In contrast to this relatively short event which made simple analysis possible the ground proton

event of 1 September 1971 was by far more extended in time and did not show a clear time pattern of
the absorption.
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""Ionospheric Characteristics Associated with
the Solar Activity of January 24, 1971 at Manila"

by

J. J. Hennessey, S.J. and Florencio Rafael, Jr.
Manila Observatory
Manila, Philippines

Despite the well known vagaries of the F-region of the ionosphere, ionospheric characteristics
generally have a definite dependence on the elevation of the sun. These effects have a regularity in
their diurnal pattern which can be disrupted to a greater or less degree by unusual solar activity. The
extent of disruption by a solar flare should, in some way, be related to the local time of the event.

The solar event of 2309 UT, 24 January 1971 (0709 LT, 25 January 1971 at Manila) occurred about an
hour after sunrise. As this flare time corresponds to the start of the diurnal appearance of the regular
E-layer and the period of continued increase of the F-layer from its pre-dawn dip, the flare-induced
variations at Manila deserve consideration.

Since the F-region was not totally "blacked out" by the effects of the solar radiation on the lower
ionospheric regions the ionograms successively provide a description by implication of the changes in
the lower regions. Some notable features which appear and claim our attention in the F-region are:

a) post-flare variations in foF2; b) recovery of the F-layer; c) restoration of multiple echoes; d) bi-
furcation; e) hpF2 values. The E-region recovery is also informative of the lower ionosphere regions.

a) Post-flare variations in foF2, Fortunately during a few hours after this event ionograms
were taken at five-minute rather than the usual fifteen-minute intervals. For comparison of critical
frequency ¥F2 variations, the medians of the corresponding time values of three days before and three
days after were taken (See Fig. 1). Just before the start of the flare at 2309 UT there is the expected
agreement, The pre-dawn dips are quite comparable though the event day has a slightly lower value
occurring fifteen minutes later than the control day values. During the first hour a slight increase in
ionization density over that of the median becomes apparent. For example, at 2330 UT the flare day
value of this density is greater than the control day median by approximately 26 percent. A rapid
increase in the slope of the curve, of critical frequency versus time, is clearly noted. Just prior to
the start of the flare, i.e. at 2300 UT, the flare day value is 17 percent greater. By 0000 UT the
corresponding density values are close to one another,

Thereafter from 0000 to 0130 UT (25 January) the ionization densities show a definite increase
much beyond the corresponding values of any of the control days. There is an evident concentration
of additional electrons in the F2-layer, However the diurnal trend is maintained so that from 0130 uT
the F2 critical frequencies decrease in value to a low of 9.2 MHz an hour after local noon. A rise in
values follows in the next four hours to 12,5 MHz at 0900 UT.

In Summary then, the diurnal F2-layer trend is not greatly disrupted by this early daylight
flare. But the ionization density following the start of the flare rises to greater than normal values,
The time rate of drop, thereafter, is more rapid at its start from a higher value than those of the
control days, and at its end is at a much lower value, (See Fig. 1).

b) Recovery of the F-layer. The most noticeable feature of the ionograms after the start of
the flare is twofold: "the absence of usual radio noise (this does not affect numerical characteristics)
and the high f-min values. At 2332 UT the minimum frequency value for the F-trace was 5.4 MHz
taken from the polaroid and at 2337 UT from the film ionogram. (See Fig. 2)

A careful reading of minimum frequency values for the F-region at 5-minute intervals mani-
fests a general but not smooth decrease. At 2355 UT the f-min was 5. 6 MHz, i.e, 0.6 MHz greater
than the f-min on the previous record. By 25/0215 UT with the appearance of the definite E-layer the
f-min, now being in the E-region, further decreases. By 0645 UT the f-min values have decreased
to frequencies comparable with those of the control days.
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c) Restoration of Multiple Echoes in the F-region. The existence of multiple echoes of the
F-trace is an indication that lower regions do not completely absorb or totally reflect the radiated
energy. Hence this vertical incidence energy at high frequencies passes through the lower regions
several times. Before the solar event, at 21}/2301 UT at least three multiple echoes can be seen on
the expanded scale record. Other records show multiple echoes, i.e. at 2300 UT on regular gain two
additional echoes appear. Quite interestingly the 2315 UT ionogram still shows two multiple echoes
indicating that the X-rays have not yet adequately ionized the D- and E-regions for absorption. The
next ionogram at 2337 UT shows no multiple echo but high absorption. Only at 25/0120 UT does a
weak multiple echo occur at twice the virtual height of the regular F-trace. A study of the next eight
ionograms taken atfive minute intervals shows variation: for example, the multiple echo at 0125 UT
is weaker than the one at 0120 UT. (The diurnal gain setting of the ionosonde recorder remained the
same during this period,) A weaker multiple trace has a shorter frequency range. The 0135 UT and
0140 UT records manifest multiples extending to higher frequencies but not as high as foF2, This
restoration of multiple echoes for the F-region gives evidence that the lower ionosphere does not lose
its ionization linearly with time during the recovery period.

d) Bifurcation of the F-layer. After the event starts in the ionosphere only the highest fre-
quencies of the F'-region appear on the ionograms. At 2337 UT frequencies from 5.4 MHz to 9, 0 MHz
can be seen. As early as 25/0040 UT the F1 layer shows indistinetly but is missing on subsequent iono-
grams for 25 minutes., At 25/0130 UT the F2 layer is fully formed and the F1 layer comes in but in an
"L condition preventing a definite foFl value. So the F-region is stratified but not sharply so.

By 0159 UT the F'l trace is formed and at its low frequency end shows a descent in virtual
height with increase in frequency. This is due to E-region retardation, The ionosonde is now able to
expose the full F-trace.

e) hpF2 values. In the hour before the flare hpF2 was lower than the corresponding control
day median but not lower than the values on particular days. About four hours after the flare the hpF2
values exceed those on any of the control days. Due to retardation this F2 layer seems to depart from
a parabolic layer.

The E-region recovery, Six minutes (2315 UT) after the start of the flare the E-region (on an
otherwise complete ionogram) appears to show a slightly higher {-min than that for corresponding
control days. This may be transitional in the formation of the D-region. Immediately subsequent
ionograms show values for f-min of 5.4 MHz (See Table I) with a gradual restoration of the E-layer over

Table I. Recovery Times

Appearance Time Time After Appearance Time  Time After Time f-min
of (UT) 2309 of (UT) 2309 . (U'T) (MHz)

F1 layer 0040 1h 31m E layer 0140 2h 31lm 2300 1.8

F1 reap- 2315 2.1

0105 1h 5

pearance h 56m Es type h 0201 2h 52m 2337 5 4

Fl complete 0159 3h 50m Es type 1 0230 3h 20m 0215 3.5

F-11/2 0330 4h 21m Es type ¢ 0359 4h 52m 0645 2.1

a six hour period. The normal E-layer appears but very faintly at 0140 UT and disappears at 0155 UT.
At 0215 UT it grows stronger and remains throughout the day. From 0201 the sporadic E appears and
types h, 1 and c are manifest during the next two hours. These times and conditions indicate how the
D-region has affected the higher E-region.
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Mid-Latitude Total Electron Content during Cosmic Ray Event January 25-26, 1971

by

J. A. Klobuchar
Air Force Cambridge Research Laboratories
Bedford, Massachusetts

and

M. J. Mendillo
Astronomy Department, Boston University
Boston, Massachusetts

Continuous measurements of the ionospheric total electron content (TEC) using the Faraday rota-
tion technique are routinely made from Sagamore Hill, Hamilton, Massachusetts, by monitoring the VHF
signal from the geostationary satellite, ATS-3. The TEC of the mid-latitude ionosphere consists
mainly of the integrated electron densities of the F-region; that is, the Tower layers contribute
a negligible amount to the total. The equivalent vertical TEC values for January 25-26, 1971 are
shown in the Figure below. The dashed curves give the monthly median behavior for the month. The
small vertical arrow indicates the approximate time of the commencement of ground Tevel cosmic ray
increase. The January period was magnetically quiet, as indicated by the Ap values in the Figure.
Geomagnetic storms typically cause large scale changes in TEC which last several days while large
solar flares produce effects of much smaller magnitude and shorter duration. For this period,
however, no changes occurred in TEC which could be directly associated with the cosmic ray increase.

30
20
oM\ _
- JAN 25, 1971 Ap=9 JAN 26,1971 Ap =2
0 1 | 1 | i | | | | | ! | ] ! ]
6 12 I8 24 UT -6 i2 18

EQUIVALENT VERTICAL TOTAL ELECTRON CONTENT OBSERVED FROM SAGAMORE HILL,

HAMILTON, MASS.
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Polar Cap Disturbance of January 24, 1971, Observed on the Phase of VLF Waves

by

Y. Hakura
Radio Research Laboratories
Koganei, Tokyo, Japan

T. Ishii, T. Asakura, and Y. Terajima
Inubo Radio Wave Observatory
Radio Research Laboratories
Choshi, Chiba, Japan

Phase measurements with a cesium frequency standard of VLF waves propagating over great dis-
tances have been made at Inubo Radio Wave Observatory, Choshi, Chiba, Japan (35°42'N, 140°52'E).
Among them, transpoiar VLF waves provide a very sensitive method of detecting solar proton events
at the middle Tatitude [Nakajima et al., 1970]. The transpolar signal paths for NAA—17:8 kHz? )
GBR-16.0 kHz, and WWVL-20.0 kHz are shown in Figure 1, in which the corrected geomagnetic latitudes
of 60° and 70° are shown by two elliptical lines.

Fig. 1. Transpolar signal propagational paths.

Figure 2 shows solar proton flux with energy greater than 10 Mev [Solar-Geophysical Data,
December, 1971], phase deviations in the NAA and GBR signals from their calm levels, and geomagnetic
Kp indices on January 22 through February 4, 1971. A major polar cap disturbance started at about
2340 UT on January 24, in association with the solar proton event observed by the satellite
Explorer 41. The Kp-associated phase deviations are also seen. Occurrence times of optical, radio,
and x-ray flares, associated sudden phase anomalies SPAs, polar cap disturbances PCDs and proton
event are shown in Table 1.
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Table 1

SPA's and PCD's observed at Inubo and related solar-terrestrial events of January 24, 1971

. : Ph deviati
Event Start time Max. time End ! Im;:ftarf:el? Z(;n’ or
' Flux
i i
NAA-17,8 kHz 24/2308 2327 2336D - e7°
SPA , .
WWVL~20.0 kHz 2310 2341 0123 ; 126
Optical flare ( N18, W49 in 2215 2331 0020 : 3B
McMath plage region 11128) :
§ -1 -2, -1
Radio burst at 3750 MHz 2303 2324 2355 P 3.45x107 w m~Hz
( Toyokawa )
- -1
X-ray (1-8 b ) burst 2304E 2347 0953 0.49 erg cm 2sec
Explorer 37
NAA-17,8 kHz 24/2338  25/0312 01/ 22 261°
PCD
GBR-16,0 kHz 2341 0444 15 195°
Solar | Explorer 41 ( E>30 Mev) 2400E o7 03 408 cnr1-2sec.—1 ste:r'“1
proton (E>10 Mev) 2400E 14 17 1152
ATS 1 (20 - 40 Mev ) 2340
Neutron monitor (De_ep 2340 0010 12 % above background
River)
D = after
E = before
REFERENCES
NAKAJIMA, T., 1970 ResuTts of special observations for the Proton Flare
T. ISHII, Project 1969: Polar cap disturbance of June 7, 1969,
K TSUCHIYA, observed on the phase of VLF waves, J. Radio Res. Labs.,
A. SAKURAZAWA and Japan, 17, 49-54,
Y. HAKURA o
1971 solar-Geophysical Data, 328 Part II, Uecemver 1971,

U.S. Department of Commerce, (Boulder, Colorado,
U.S.A. 80302), 68-79.
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The Effects of Solar Proton Event and Associated Geomagnetic
Disturbance on the Phase of VLF Signals Received at Leicester, UK

by

J. W. Chapman and R. E. Evans
Department of Physics
Univeristy of Leicester
Leicester, U. K.

Introduction
This paper presents the effects of the period of enhanced solar proton flux and geomagnetic

disturbance on the phase, recorded at Leicester, UK, of VLF radio signals propagated over medium and
Tong distance paths. Details of the transmissions are given below.

Transmitter Frequency (kHz) Path Length {(km)
NAA 17.8 4900
Trinidad 12.0 7200

The NAA-Leicester path lies between geomagnetic Tatitudes (@) of 55° to 60°, while ( ®) is
less than 40° for about half the Trinidad-Leicester path and hence charged particle effects might be
expected to have the least influence on the signals for this circuit.

The Disturbance of January-February 1971

Figure 1 shows the observed phase path variations for the period 24 January - 13 February 1971,
together with other relevant data taken from the NOAA Bulletins of ."Solar-Geophysical Data". A marked
disturbance occurs on the NAA phase, the effect being Targer at night than by day so that the
amplitude of the diurnal phase variation is considerably reduced. The initial effect commences with
the onset of enhanced proton flux, producing a phase advance of about 0.15 ) on the nights of 25-26
and 26-27 January. The transmitter was off from 1400 to 1800 UT on 25 and 26 January so that the
effect on the daytime phase is uncertain, but appears to be very small. The major effect is asso-
ciated with the occurrence of the magnetic storm having sudden commencement at 0430 UT on 27 Jan-
uary. The daytime phase is advanced by up to 0.2  on 27 January, while the night-time phase
advance is almost 0.5 » on the night of 27-28, when there are also marked phase fluctuations. The
overall effect at night is substantially the same until 30-31 January, and then a slow recovery
begins which is not complete until at Teast 9 February, long after the disappearance of the magnetic
disturbance. The maximum daytime phase advance of about 0.25 ) does not occur until 30 January at
the earliest (phase advance due to enhanced solar x-radiation makes the daytime effect uncertain),
while recovery is complete by 8 February.

The effects on the Trinidad phase appear to be very similar to those for NAA, though as expected
they are smaller. There is 1ittle or no change immediately following the increase in proton flux,
but the sudden commencement is followed by an advance in both night-time and day-time phase. This
effect is more marked at night (maximum 0.2 A on 27-28 January) and again recovering more slowly
than the disturbance in the magnetic field. Unfortunately there is a gap in the data between 3 and
8 February so that the recovery time is uncertain, but recovery is probably complete earlier than for
NAA.

Discussion

The effects of the disturbance of January-February 1971 are very similar to those obtained for
the same paths in March 1970 [Jones, 1971], although that event probably did not extend to such Tow
latitudes since the perturbation of the Trinidad phase was smaller. There are separate effects due
to the initial solar proton event and to the arrival of the Tower energy plasma associated with the
sudden commencement magnetic storm, and the well known “storm after-effect” is also present. Simi-
lar behavior is seen on other high and medium latitude Tong path records, e.g. (i) the October-
November 1968 event on NSS-Leicester [Jones, 1970]; (i1) the same event for NPG (now NLK), Hawaii and
Trinidad-Troms¢ [Larsen, 1970]; (iii) the February 1965 event on NPG-Farnborough [Belrose, 1968].

The reason for the after-effect is not yet understood. The most obvious possibility is the con-
tinued precipitation of charged particles into the atmosphere. Lauter and Knuth {19677 have proposed
steady leakage of high energy electrons from the outer radiation belt which has been over-filled by
the solar plasma during the strong compression of the earth's field. Alternatively, a change in
atmospheric structure has been suggested by Belrose [1964], the change in composition occurrring at
auroral latitudes at the time of the storm and the delayed effect arising because of the time of
travel to mid-latitudes. Yet another explanation of delayed effects has been proposed by Volland
[1967] in terms of heat conduction waves originating in the magnetosphere.

237




WAVELENGTHS

WAVELENGTHS

PARTICLES CM~2sEc™! PARTICLES cM™2sEc™!

°

Q
<

O

@ 12 kHz TRINIDAD — LEICESTER

no data

e}

OS <

24,25 26 27

%8 20 30 31 | 7 8 9 10 1l

@@ 5-21 Mev PROTONS

[
o

0™ -

A\ v i

@ 21-70 Mev PROTONS

"W'W\’\Mtﬂ,‘*-\'vm- .

[ ]
2

26 27 2829 3031 | 2 3 4 5 6 7 8 9 0l
FEBRUARY

JANUARY

Figl. DATA FOR THE JANUARY- FEBRUARY 97| EVENT.(@ and (b VLF PHASE;
@ and @ ATS-1SOLAR PROTON FLUX.

24 25
© Kp;

238




BELROSE, J. S.

BELROSE, J. S.

JONES, T. B.

JONES, T. B.

LARSEN, T. R.

LAUTER, E. A. and
R. KNUTH

VOLLAND, H.

1964

1968

1970

1971

1970

1967

1967

1971

REFERENCES

The Oblique Reflection of Low Frequency Radio Waves from
the Ionosphere, AGARDograph 74: Propagation of Radio
Waves at Frequencies below 300 kc/s, (Ed. W. T. BLACKBAND,
Pergamon Press), 149,

Low and Very Low Frequency Radio Wave Propagation, AGARD
Lecture Series 29, Radio Wave Propagation, IV-25.

Long Path VLF Observations of the Ionospheric Disturbances
Resulting from the Solar Proton Event of October-November
1968, World Data Center A, Upper Atmosphere Geophysics,

Report UAG-8, 282.

VLF Radiowave Observations of Ionospheric Disturbances
during the Period 4-18th March, 1970, World Data Center A,
Upper Atmosphere Geophysics, Report UAG-12, 247.

VLF Phase and Amplitude Measurement during the PCA Event
October 31-November 6, 1968, World Data Center A, Upper
Atmosphere Geophysics, Report UAG-8, 279.

Particle precipitation at medium latitudes after magnetic
storms, J. Atmosph. Terr. Phys., 29, 411.

Heat Conduction Waves in the Upper Atmosphere, J. Geophys.
Res., 72, 2831.

Solar-Geophysical Data, 318 Part I, February 1971;
319 Part I, March 1971; 320 Part I, April 1971, U.S.
Department of Commerce, (Boulder, Colorado, U.S.A.
80302).

239




Tonospheric Effects from Solar Particles during January 24 - February 3, 1971

by

G. Nestorov and P. Velinov
Geophysical Institute
Bulgarian Academy of Sciences
Sofia, Bulgaria

Introduction

There exist two different types of influence of solar particles on the ionosphere during solar
flare activity. The first type is determined by high energy particles of dozens of Mev energy or
even more. In the case of more powerful flares even relativistic solar cosmic rays are generated
with energy in the Bev range as is the case of January 24, 1971. This influence usually coincides
with SID effects of solar electromagnetic radiation and involves the ionosphere at all latitudes.
Shortly after these arrive, the main flux of Mev particles and the well-known PCA phenomena begin.

Usually about two days after that, further disturbances arise as a result of the soft particle
emission during the flare. This second type of event is comparatively Tong-lived and often results
in {onospheric and geomagnetic storm activity. Normally this second type effect is much more fre-
quent ~ the soft energy particles result from almost every powerful flare. Only the important flares
~generate high energy particles; relativistic cosmic rays are generally rarely generated.

The ground-Tevel cosmic ray increase on January 24, 1971 was caused by high energy solar particies
and relativistic solar cosmic rays, while on January 27 a geomagnetic storm accompanied by particle
precipitation occurred, i.e. during the studied period January 24 - February 3, 1971 are clearly
demonstrated all types of influences of the solar particles on the jonosphere. Furthermore, the
main effect takes place during the night of January 24 - 25 when the influence of the electromagnetic
solar radiation is absent. It should be emphasized that the solar cosmic ray effect we investigated
on May 4, 1960, which took place at Tocal noontime, required the separation of SID contributions from
the effect of the particies [Nestorov and Velinov, 1966]. That is why the investigation of the solar
particle influence on January 24 under purely night conditions is especially of interest to us. For
this purpose in this paper we shall present the radio wave observations about this effect and about
the period after it, as well as certain qualitative and quantitative interpretations of the corre-
sponding complex of phenomena.

Solar Cosmic Ray and High Energy Particle Effects on the Low Ionosphere

The sudden increase of the cosmic ray flux on January 24, 1971, 2330 UT observed by a number of
stations [Solar-Geophysical Data] was attended by ionospheric anomalies in the middle geomagnetic
Tatitudes. At the Ionospheric Observatory Sofia (42.6°N, 23.4°E) various effects in the range of
long, medium and short radio waves were recorded.

In the night of January 24 - 25 was observed a great increase of the absorption of the frequency
164 kHz, path length 1720 km. The height of the signal reflection in the night is h<90 km, while
the equivalent frequency fj = f cos 1 = 25 kHz (i.e. the path can be related to the conditions of
propagation of VLF; "i" is the angle of incidence). As can be shown by the Tower part of Figure 1
the excessive absorption AL starts somewhat before 2200 UT on January 24 while at the maximum cosmic
ray flux (around 2400 UT) it reaches 15 dB. The time course of the absorption Lisy 1S shown by a
heavy line and dots while the signal fluctuations as the result of the polarizing and interferential
fading are marked by vertical dotted lines. The course of the monthly median values Lpoq 1S shown
by small circles and dashes. In the upper part of Figure 1 is shown the time course of the cosmic
ray flux of the Deep River Neutron Monitor E501ar-Geophysical Data]. It can be seen that the absorp-
tion anomaly reaches its maximum about two hours after the cosmic ray flux. The anomaly ends shortly
after 0400 UT.

The sudden and_considerable increase of the absorption on 164 kHz on January 24 - 25, 11971, is
due to the excessive nondeviating absorption in the cosmic ray layer as a result of the increase of
the primary cosmic ray flux after 2330 UT on January 24. The additional absorption is a measure for
the increase of the electron production rate in CR layer [Nestorov and Velinov, 1966]. Since the
ionjzation can be obtained in an independent way by the increased cosmic radiation, a possibility
opens up for a comparison of the calculated results by an ionospheric as well as by a direct method.

Under the influence of the relativistic solar cosmic rays arising as an additional ionizing
source in the night CR layer, the electron production rate g will increase by 8q. The relative var-
iation 8q/q can be determined by the data of the variation of the nondeviating absorption of the
radio waves SL/L passing through the night CR ltayer and reflected by the higher situated E~Jayer
[Velinov, 1968 &nd 1971]:
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3-4(4)

where L is the mean absorption in the quiet period (in our case we take the median values of L), SL
is the change of the absorption from the level of the median values.

On the other hand §q/q could be calculated according to the equation of the variation of the
electron production rate of the height of h:

(=<}

ég(n) - 62(2).- 8Re Wg(R) +.A:' wq(R) 52(2) dR (2)

o

where Sp/p and én/n are relative variations of the atmospheric density and differential spectrum of
primary cosmic rays, respectively; SR, is the change of geomagnetic cutoff rigidity; W (R§ is the
coefficient relating the variation of 6q/q to 6R., and to f(én/n)dR. If 8q/q is measured in percent-
age, and Re in BY, then Wq(R) is measure in % BY~!. The analytical aspect of Wg(R) is found by
Velinov [1571]:

Wg(R) = Y=L (3)

q

-—N

24-251.1971 Deep River corr. Nedtron Monitor

H5r

LdB

i 24-25 11971 Softa  ABsorption 164 kiz Pyotons

Fig. 1. The variations of the cosmic rays, high energy protons
and absorption 164 kHz during the night of January 24 -
25, 1971.
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where y = 2.5 is the power of the differential spectrum of cosmic rays n(R) = KR™Y. Equation (2) is

analogous to the equation for the CR intensity variation [Dorman, 1963]. In accordance with
equation (2) the electron production rate variations may be divided into three classes corresponding
to the three classes of CR variations: I Class - variations of the atmospheric density, II Class -
geomagnetic variations and III Class - variations of the primary cosmic rays. The III Class is the
biggest and most important and interesting class of variations which are of extraterrestrial origin.
They are connected with the change of the energetic spectrum far from the Earth. In our case of
January 24 - 25, the penetration of the relativistic solar cosmic rays has been attended by moderate
geomagnetic disturbances as the 3-hour Kp index reaches the value 3 - 4. This shows that all the
terms of the equation (2) must be taken into account.

First of all we shall determine the Class III variations, starting with the increase of cosmic
ray intensity and apply the method of connecting coefficients [Dorman, 1963]. For this purpose we
shall make use of the neutron component of the cosmic rays recorded at stations with geomagnetic
cutoff rigidity R close to cutoff in the reflection point of the signal 164 kHz, where R, = 5 BV:

Pic-du-Midi RC = 5.6 BY, SNn/Np, = 2%
Dallas Re = 4.35 BY, GNn/Nn =~ 1.3%
From these data by means of the equation:
SN ®
“no_ sn(R)
Nn ~_[ WCR(R) “nRY dr (4)
c

(Wep is the connecting coefficient between the primary and the secondary cosmic ray variations) may
be determined the function 8n(R)/n(R) which substituted in equation (2) gives the Class III variations

Taking into consideratjon the moderate geomagnetic disturbance in which the 3 hour Kp index
reaches Kp = 3 - 4 (i.e. AH = 50 y) can be determined the Class II variation [Velinov, 1971]:

(6q/q)yy = 0.04

For Class I variation we have no data but there are certain facts about the growing density of
the atmosphere p so that we can obtain for the total variation

(8a/q); = 0.2

This value, however, gives an insufficient explanation of the ionospheric disturbances on January
24 - 25, Thus, for instance, on January 25, 0000 UT L = 9 dB, AL = 10 dB, whence according to (1)

8q/q = 3.4
and after 2 - 3 hours is reached the value of
8q/q = 10,

i.e. the relativistic solar cosmic rays lack a flux of about 2 orders, in order to explain the ob-
served ionospheric effect. That is why we should expect the existence of another more powerful
source of ionization in the high atmosphere at a height below 90-100 km. As such, high energy solar
particles of over 20 Mev can be attracted, which arrive a short time after the relativistic solar
cosmic rays resulting in PCA phenomena. Actually in the interval 0000-0600 UT og Janga?y 25 from
ATS-1 (1966-110 A) are observed hourly average fluxes of 102 - 5x10% protons cm*sec” in the energy
range 21 - 70 Mev, from Explorer 41 (1969-53 A) are observed 2.5x10° protons cm-?sec” w1Fh E>30 Mgv
and 5x10% protons cm~?sec-! with E>60 Mev. Similar Vela proton counters showed 2640 particles cm”
sec~! with E>25 Mev [Solar-Geophysical Data]. The main problem is how a part of these particles

has been able to penetrate as far as the middle latitude ionosphere where the geomagnetic threshold
is large. The estimates of Velinov [1966, 1968 and 1970] show that for an explanation of the exper-
imentally obtained 8q/q = 10 it is sufficient for 1 proton cm~2sec™! with E:ZZQ Mev to penetrate to
this region. Perhaps the geomagnetic disturbance Kp = 3 - 4, with the whole night of January 25
reaching tKp = 14, was a factor causing a very small part (0.03 - 0.3%) of the main solar particle
flux to be precipitated at middle latitudes, thus causing the PCA event.
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In confirmation of this the following facts are noted: a.) the comparison of the absorption
course Lygy (Figure 1) with that of the flux of protons 21 - 70 Mey, observed at ATS-1, shows a
certain correspondence between the two courses; b.) the large fluctuations in the field strength
are characteristic of the penetration of the high energy proton fluxes; c.) the absence of an jono-
spheric effect on January 25 - 26 while the powerful PCA event continued (ATS-1 recorded in 21 -

70 Mev range a maximum flux of 845 protons cm-2sec-1) but geomagnetic disturbance is absent -

Kp = 0 - 1, and during the whole night 'ZKp = 4. Thus on January 25 - 26 there has been no precipi-
tation of high energy particles. The effect under discussion expresses the PCA influence on the
middle latitudes. Naturally the low and middle latitude PCA influence should be verified by some
other special cases in the Sun-Earth space.

Effects in the Middle and Low Ionosphere during January 23 - February 3

The absorption time course of 155 kHz (path Tength 380 km), 164 kHz and 593 kHz (path Tength
140 km) during the period of January 23 - February 3, 1971 is shown in Figure 2. In the same Figure
the course of the geomagnetic index Ap for the same period is indicated by small circles and dotted
Tines.

The observed ionospheric effect schematically expressed in Figures 1 and 2 compared with results
of previous investigations gives ground for the following qualitative geophysical interpretation§.
The time variations of the absorption shown in Figure 2 for three frequencies reflect the fonization
conditions of the region 80 to 120 km in the given period.

Sofia, 831-32.19m
db
Lﬂ,m
- 20
~+ 15
49
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23 25 27 29 A1 221

Fig. 2. The variation of the absorption of different
frequencies during the period January 23 -
February 3.
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From previous investigation [Nestorov and Velinov, 1968; Nestorov, 1969] it is known that during
the time of geomagnetic disturbances or storms (ssc) about two days after the disturbance maximum,
the night absorption 593 kHz considerably increases. A smaller maximum of L is obtained in the ssc
night. The case under consideration presents a similar picture. A normal maximum of Lsgs is ob-
tained on January 27 while a secondary large increase of Lsgs is reached two days after the maximum
of Ap, i.e. on January 30. The increase of AL over the monthly median is the measure of the increased
ﬁlectron production rate in the range 85 - 120 km and for the flux of soft particles also at these
eights.

It is easily observable that the absorption course Ligy after January 27 is opposite to Lsgs.
This is in accord with _the previous results about the behavior of the night absorption Liey after
geomagnetic anomalies [Nestorov, 1972a, b]. The increase of Lis, on January 24 - 25 as already ex-
plained is connected with the increased high energy particle flux during the same time.

On the contrary in the course of Liss no essential changes can be observed which corresponds to
the normal behavior of the night absorption on this path for the period of 15 years [Nestorov, 1969
and 1970]. Only in exceptional cases after geomagnetic storms the absorption Liss partially de-
creases. The complex of the observations of the absorption of various equivalent frequencies (25.75
and 480 kHz) on the indicated paths outlines the following physical state of the mesosphere and Tow
thermosphere in the given period.

The sudden increase of cosmic rays on January 24 - 25 is due to the powerful solar flare on
Janvary 24 starting at 2310 UT. This flare is connected with the generation of particles in all
energy ranges including plasma, which is indicated by the geomagnetic storm on January 27 at 0430 UT.
The influx of energy particles in the high atmosphere at the height of 80 - 120 km adds to the in-
crease of the electronic concentration at this range of height and to the increase of the absorption
of waves crossing the same region {Lsss on January 30). The height of the signal reflection Lses
during the night is about 120 km. The increased electronic concentration in the Tayer is followed
by an increase of its gradient, which decreases the deviation and the total absorption of the signal
164 kHz (Liss on January 29 - 30). Between these two L curves out of phase there must exist a fre-
qguency under which the signal will neither increase nor decrease; actually a compensation effect of
the frequency is observed (f; = 75 kHz, the signal 155 kHz in the night is reflected at the height of
about 95 km).

Although at present there does not exist a generally accepted theory of the role of the fluxes
of charged particles in the jonization of night E-Tayer, certain estimations of the effects in the
studied period will be given on the basis of the method of Velinov [1969]. Suppose the particle
flux I dissipates its energy between the heights h; and h, (in our case about 80 - 120 km). It would
cause an additional electron production rate Ag connected with the corresponding additional absorption
AL by means of equation (1) as

1= Ahohy) 4 (5)
K
Q = 30 ev is the energy required for 1 electron ion pair; Ex is the energy of the particles (if they
are of different energies, instead of Ey must be substitute EK,eff*depend1ng on the §pectrum of the
particles). The factor 2 takes into account that the particles equally dissipate their energy in the
ionization and excitation of the atmospheric components.
From Figure 2 can be seen that

L27.1 ~ 19,5 dB and Lgo_l =~ 23 dB,
but since the median value for January is Lmed = 16 dB

AL27.1 ~ 3,5 dB and ALao.l ~ 7 dB
by means of equation (1) is obtained

(2q/9)27.1 = 0.5 and (aq/q)so,2 = 1.1
In the studied height interval in the night a medium electron concentration can be accepted gndgr
quiet conditions N = 10° cm™® and an effective recombination coefficient ag = 3x10-7 cm’sec-', i.e.
q = 0.3 ecm™%sec™!. Therefore as additional electron production rate on January 27 and 30, we receive

Agz7.1 = 0.15 cm~®sec~? and Aqsq,1 = 0.3 cm~®sec™?,
while for the necessary proton flux with E = 300 kev
K,eff
I = (1 - 2)x10?% protons cm~2?sec-? (6a)
is obtained. In case electrons precipitate with E, .. = 40 kev, equation (5) gives
E]
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I =(0.75 - 1.5)x10% electrons cm-2sec-l. (6b)

Factually the values (6) represent the number of particles with pitch angle in the cone of losses &, .
The total number of particles can be determined when in the denominator of equation (5) is substitu%ed

also the function 91 n/2
k(a) =/ sino‘”e_ d,e/[ sin®lg ge
0 0

as the parameter o determines the kind of the distribution of the particles, For latitudes Ay = 41°,
Bulgaria, ‘the parameter of McIlwain is 1.8, but in a = 0 - 2 the function k(o) = 6x10-2 - 5x18-3.

Ionospheric Effect in the F2-Layer

In addition to the described physical condition of the night ionosphere it is suitable to show
the behavior of the F2-Tayer observed at a fixed frequency f = 7.67 MHz during the same time period.
The necessarg time variation of At for the evolution of the F2-1ayer from sunrise to the level
N = 7x10° cm® required for the reflection of the signal, under a quasi-vertical incidence path Tength
of 12 km, together with the variation of the Ap index and the velocity of the solar wind [Solar-
Geophysical Data] are given in Figure 3. From Nestorov [1972¢c, d] it is known that during geomagnetic
storms At considerably increases while in certain cases reflection is absent during the whole day”

hich shows that foF2 < f. In the studied case the maximum At is later than the maximum of Ap and
by one day. This is the usual rélaxation of At in the presence of an ssc. The good correlation of
V with At is of interest which indicates the considerable influence of the solar wind on the anoma-
Tous state of the F2-Tayer.

7,67 MHz /12 km
Sofia
km
Ap V f At min
1”TW$ 60

0.

. 'Y'—_‘r”“T""‘[*—f—Tﬁ—‘]J”
23 5 8 #1227

200 ——— -

Fig. 3. Relation between solar wind velocity, the time
of delay At of the F2-layer and geomagnetic

index Ap.
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7. AURORA

The Auroral-Zone Effects of January 24 Event over Cola Peninsula

by

B. E. Brunelli, L. S. Evlashin, S. I. Isaev, L. L. Lazutin,
G. A, Loginov, G. A. Petrova, V. K. Roldugin, N. V. Shuigina,
G. V. Starkov, G. F. Totunova, and E. V. Vasheniuk
Polar Geophysical Institute, Academy of Sciences of USSR,
Apatity, Murmansk Region, USSR

Description of the 24-27 January event is given here using the same set of stations, observational
technique and the manner of presentation as in our previous report [Brunelli et al., 1971]. The
development of the January 24 proton event as seen from our data begins with the neutron monitor cos-
mic ray intensity increase, related to a 15-minute period, at 2330 UT. At 0600 UT January 25 the
gradual increase of the riometer absorption began at Loparskaya, following the changing of the Tumin-
osity condition of the D-region of the ionosphere and revealing all other features typical for a PCA.
This type of absorption was observed for two days with no appreciable geomagnetic effects. 53 hours
after the beginning of the cosmic ray burst the magnetic storm began with the sudden commencement,
accompanied by auroral absorption and intense aurora.

Figure 1 presents hourly values of the Apatity neutron monitor data. The solar cosmic ray burst
has an amplitude of 15% and was preceded by a prolonged (5 days) but moderate (v3%) decrease of
intensity and followed by a rather Targe (v7%) Forbush decrease simultaneous with the magnetic storm.
From January 25 to 27 eight flights of radiosondes with single G-M counters as detectors were pro-
vided. During the ascent time of the flights the absorption spectra of the solar protons was measured
and recalculated into energy spectra. Summary time of a measurement varied from 20 minutes to one
hour. Temporal features of solar proton events are presented in Figure 2 where NM measurements during
first few hours are combined with balloon measurements (>150 Mev level) provided later. The same
spectra are shown in Figure 3. Figure 4-6 present the time history of the January event based on
the data of ionosonde operations in Murmansk and also riometers with frequency 9 and 25 MHz, magneto-
meter, photometer and patrol spectrograph at Loparskaya.
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Fig. 1. Corrected hourly values of neutron monitor counting rate, Apatity, January 20-30,

Before the‘cosmic ray burst on January 24 moderate activity appeared at 1730 UT in the sporadic
E-Tayer with fairly large blanketing frequencies and magnetic disturbance with sc at 1930 UT. The
Increase of luminosity and absorption began 5 minutes later and developed within an hour into a
strong magnetic bay with aurora and rather large absorption. Immediately after the burst a new dis-
turbance was registered by all the observational devices except the all-sky cameras which did not
operate because of the bad weather. At 0445 and 0515 UT the ionosonde showed a black-out condition
caused by the decreasing of foF2 falling below fairly high fmin.
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Fig. 5. The same as Fig, 4, January 25-26,

At 0640 UT the increase of the riometer absorption revealed all the features of a PCA: gradual
change of absorption value, large day to night ratio (7 for the first day and 3.5 for the second one)},
day-time recovery well—defined on January 26, 1000 UT (Figure 5). Some unusual peculiarities are
marked in the behavior of absorption in evening hours on January 26. The decrease connected with the
transition to the night time conditions occurs rather fast. At 1400-1500 UT absorption passes through
the minimum and then through a rather broad maximum. The time of minimum coincides with the positive
magnetic disturbance. The deflection of absorption from the normal variation may be attributed to
the change of cut-off rigidity or in other words the position of the boundary of the region of part-
icle penetration into the polar cap. PCA values on January 26 were rather weak and decreased to zero
near 1400 UT. The ionosonde on this day registered the signals from the F-Tlayer despite the increased
minimum frequencies. Behavior of the F-region did not differ significantly from usual.

Associated with the proton event a Jarge magnetic storm took place on January 27 and 28 (Figure 6)
with sudden commencement near 0430 UT January 27. First auroral disturbances began at 0700 UT as an
absorption increase and positive magnetic bay. Second positive bay and associated black-out began at
1230 UT. During this bay in the twilight the all-sky camera shows aurora on the northern half of the
sky. The following is the description of the development of geomagnetic activity and aurora during
this night: Figures 7(1) - 7(12) present some key points., At 1515 UT there appeared a westward
traveling (with velocity about 2.5 km/sec) loop opened to the east. Two successive Tlocations of that
are given in Figure 7(1). Between 1524-1527 UT a similar but less intense loop passed over Loparskaya
(Figure 7(2)). This figure does not show other aurora located equatorward of the loop. Rather bright
ray-structured arcs were also seen. Between 1541-1548 UT (Figure 7(3)) a new loop opened to the west
appeared in the northern part of the sky. The positive magnetic disturbance, as was mentioned above,
began near 1230 UT. The brightening of the aurora and the appearance of Toops coincided with the
negative magnetic bay superposed on the positive one. The behavior of aurora and geomagnetic field
at this first phase of the storm (1515-1548 UT) {s typical for the evening sector of an auroral oval:
twice (Figures 7(1) and 7(2)) the northern part of the surge [Akasofu, 1968] passed over the Cola
Peninsula moving slowly polewards, faster from the midnight sector of the auroral oval to the evening
one. Figure 7(3) shows the southern part of the surge; the character of magnetic variation (negative
bay over positive one) also corresponds to the passing surge [Akasofu, 1968].

At 1600 UT the luminosity of auroral forms decreased because of the shifting of aurora northward
and southward from the zenith. The Targest Tuminosity is observed near the southern horizon. At
1635 UT (Figure 6; 7(4)) the all-sky background Tuminosity suddenly increased. This increase is
followed by the generation of a homogeneous arc drifting southward. At 1700-1850 UT (Figure 7(5)) the
auroral form is seen mostly only near the south horizon.
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Fig. 6. The same as Fig, 4, but with changed scale values and additional ascaplot, Janu-
ary 27-28.

A southward location of the aurora indicates the development of a strong ring current. The
magnetic field at this time is nearly normal. This does not exclude, however, the possibility that
the decrease connected with the ring current is approximately equal to the increase of the field
connected with the positive bay. The division of the zone into two separate ones near 1600 UT may be
connected with an increase of the ring current. At 1845 UT the equatorial arc brightened. At 1851
UT (Figure 7(6)) began the poleward movement of the arc. There was a burst on the riometer and photom-
eter and a decrease of H down to -230 y. From this moment to the end of the storm-the H value is
always negative. At 1915 UT (Figure 7(7) - 7(9)) the strongest substorm began with an absorption value
of 7 dB at 25 MHz with a sharp burst on the photometer, Targer background and fast poleward movement
of twisted rayed arcs. The poleward aurora boundary went out of sight. Between 2130-2250 UT aurora
went to the southern part of the sky and the background disappeared.
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Aurora maps for January 27-28. The position of homogeneous and rayed arcs is
shown; the density of crosses shows the intensity of diffuse glow. The auroral
height is assumed 100 km. Dashed circles define the basic field of sight of

the all-sky camera. The peculiarities near border of frame are given by dashed
lines.
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The trigger disturbance appearing at 1851 UT before the main substorm seems interesting. In
spite of a small amplitude this disturbance showed all the important features of a substorm. In the
main disturbance it is unusual that the Tuminosity and absorption rates differ from the magnetic
field one: a sharp increase of Tuminosity has no associated change in the magnetic field; the winimum
of the magnetic field occurs at 2040 UT, i.e. deTayed more than an hour as compared with the Tuminosity
burst. At 2300-0200 UT January 28 occurs a number of bursts with poleward expansions and increases
of the background. The burst with the clearest northern boundary formed by cne arc or by the system
of arcs is shown in Figures 7(10) - 7(12). Between 0300-0500 UT appeared auroral spots accompanied by
irregular pulsations of brightness with a period near 10 seconds (P1-1). These spots gradually
shifted to the north horizon and their brightness decreased. Pi-2 pulsations also took place during
this night, especially at 1948, 2254 and 0224 UT. The appearance of the spots and pulsations in the
morning hours is typical for strong disturbances.

The above considered magnetic storm occurred after the solar proton burst, in spite of the exis-
tence of some individual peculiarities, it has all the characteristic features of a strong magnetic
storm. The geophysical disturbances are observed at different tongitudinal sectors of the oval there-
by keeping the important features of an auroral substorm of corresponding oval sector.
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Zenith Intensities of the 0I 5577A and 6300A Radiation Inside
The Polar Cap during the January 1971 Solar Particle Event

James G. Moore
Polar Atmospheric Processes Branch
Aeronomy Laboratory
Air Force Cambridge Research Laboratories
Bedford, Massachusetts 01730

The zenith intensities of the red and green lines of atomic oxygen at 6300A and
5577 A, respectively were measured during the nighttime hours of the period 24-28 Jan.
1971 with interference filter photometers. Calibration of the intensities was accom-
plished by a comparison with the absolute intensities measured by a calibrated spectro-
meter. The photometric data were scaled and absolute intensities of the emission lines
and the ratio of 6300A/5577A radiation were determined and plotted by computer, The
results are shown in Figures 1 and 2 for the entire observation period.

Examination of the figures shows the green line average intensity starting off at
a value of approximately 300 Rayleighs on the night of the 24th and building to a value of
500 Rayleighs during the night of the 25th~26th Jan and then decreasing to a value of
250 Rayleighs on the 27th and 28th of January. This behavior is also reflected in the
hourly averages of the high energy protons (E_ > 60 MEV) measured by Explorer 41
(See this issue) during this same interval as well as by riometer measurements at
30 MHz [Cormier, 1971]. This is typical of a polar glow aurora associated with a
PCA [Sandford, 1963, 1967, 1969; Weill, 1962].

During certain times, the OI green line (5577A) shows rather sharp intensity
increases. These are associated with discrete sun-aligned arcs as shown in a sample
of frames from the all-sky camera film taken during this same interval, (Figure 3).
The intense arc at 0445-0448 UT 27 Jan saturated the green line photometer, so the
red-green ratios at this time are to be disregarded. A faint sun-aligned arc is seen
on originals of the all-sky camera film at 0639-0643 UT and 0810-0814 UT 27 Jan
1971, although they are barely visible in the accompanying photographs. North is to
the right and east is at the bottom in all photographs., The date and Universal Time
are also shown. Some internal reflections of the orientation lights are also present.

The OI red line (6300A) shows enhancements throughout most of the night of
24-25 Jan which are not associated with corresponding enhancements of the OI green
line (5577A). These are of the nature of undulations above an average intensity and
are not associated with visual arc structures. The same situation obtains from
0830 UT-1240 UT 27 Jan and from 2100 UT 21 Jan to 1230 UT 28 Jan. Average
intensities of the OI red line started out low and remained low until a slow increase
around 0900 UT on 26 Jan. The red line was again high at 2100 UT on 26 Jan and
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FIGURE 1 Zenith intensity versus Universal Time of the OI emission lines at
5577A and 6300A, The intensity ratio 6300A/5577A is also plotted.
The dashed lines in the lower part of the figure represent a cloudy
period when the data were not scaled. The period of sharp intensity
increases in both the 5577A and 6300A curves are times when the

presence of discrete sun-aligned arcs has been noted on the all-sky
camera film.
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FIGURE 3

A reproduction of the all-sky camera film taken during January 27, 1971
at Geopole. Date and time in UT is indicated on each frame. North is
at the right of each frame while East is at the bottom. Local midnight
occurs at approximately 0422 UT. Discrete sun-aligned arcs are
visible in the frames 0445-0448 UT and are barely visible in the frame
at 0642 UT and in the frames 0811 to 0813 UT.
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decreased rapidly to a low value at 2300 UT. It remained low until approximately
0900 UT on 27 Jan when an increase began. The red line remained high until a
decrease began at 2100 UT on 27 Jan. There does not seem to be correlation
(positive or negative) between Kp and 6300 in agreement with Sandford [1968, 1969]
and Silverman et al. [1962]. Local magnetic K-indices, which have been found to be
a much better parameter than Kp as an indicator of polar magnetic activity [Sharp et
al., 1966; Feldstein and Starkov, 1967; and Sandford, 1968] were not available for
correlation,

The red-to-green ratio (6300A/5577A) in the discrete sun-aligned arcs has been
determined by integrating the intensities after the airglow levels have been subtracted.
These ratios and the red-to~green ratios of the airglow as well as the ratio of the
auroral to airglow ratios are listed in table 1 along with the Universal Time and the
zenith height of unrefracted sunlight,

TABLE 1
Red-to-Green Ratios

Universal Time Aurora Airglow Aurora/Airglow Zenith height of
Unrefracted Sunlight

2146 26 Jan 1.57 0.49 3.20 240 km
0645 27 Jan 0.62 0.11 5.40 900 km
0816 27 Jan 1,18 0.12 9.83 700 km

The height of lower bordersof weak-rayed arcs and bands in the polar cap has
been determined to lie in the range of 145 to 180 km by triangulation from all-sky
camera pictures [Starkov, 1968]. Examination of Table 1 shows that when the F region
is illuminated 2146 UT 26 Jan, the red/green ratio for both the airglow and the aurora
are enhanced over that obtained when the F region is not illuminated. The ratio of the
red/green ratio in the aurora to that in the airglow makes this fact stand out more
vividly. This indicates the vertical extent of the sun-aligned arc ranges from 145 km
to F-region heights,
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391kA, 55774, and 6300A INTENSITY MEASUREMENTS AT THULE DURING JAN 2L-29, 1971

WILLIAM N. HALL
POLAR ATMOSPHERIC PROCESSES BRANCH
AFRONOMY T.ABORATORY
ATR FORCE CAMBRIDGE RESEARCH LABORATORIES
L. G. HANSCOM FIELD
BEDFORD, MASS. 01730

The figure shows the intensities of the 5577A and 6300A atomic oxygen and the 391kA
band of N2+IN emisgions recorded by the patrol spectrograph at the AFCRL Geopole Observ-
atory, Thule AB, Greenland during JAN 24-29, 1971. The patrol spectrograph is a Perkin-
Elmer model 173 developed for use during the IGY [Devlin et al. 19¢4] and the obgerving
program used is essentially unchanged from the IGY and IQSY. The spectrograph 1ntegrates
the optical emissions for the duration of the exposure and the intensity is reported as
an average over the period of the exposure which may last up to 108 minutes every 2
hours. The first and last exposure of each night are less than 108 minutes and the
exposure length is represented by the length along the time axis of the datum bar. Data
for exposures of 11 minutes duration taken at solar depressions less than 12° during
twilight are indicated by dots.

The triangles denoted SSC and SPE refer to Storm Sudden Commencements and to a
Solar Proton Event [reported in Solar-Geophysical Data, numbers 318 and 324]. The time
for the SPE refers to the time of enhancement of the 21- 70 Mev channel on the ATS-1
satellite.

The 3914A emission increased rapidly after the onset of the SPE and decayed con-
sistent with the behavior of Explorer 41 integral proton fluxes [Solar-Geophysical Data
number 328]. Superimposed are twilight effects and enhancements associated with HIgh
Latitude Discrete Auroras (HILDA's) following SSC's. The diagonal dashed lines at
BL00-0600 UT on January 29 indicate the intensity was less than threshold of detection
of the spectrograph and not a data gap.

The 557T7A intensities were also enhanced during the SPE with further increases
asgociated with HILDA's. These increases are in addition to a background level of
250-300 rayleighs before (not shown) and after the SPE. The behavior of both the
391hA and 5577A intensities was consistent with previous studies of the effects of
SPE's [Sandford 1970].

The 63004 intensities showed typical diurnal variations [Stromman et al. 19711
with enhancements during HILDA's The 6300A intensities did not show increases (and
were not expected to) which could be associated with the SPE.
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8. GEOMAGNETISM

Provisional Equatorial Dst

by

M. Sugiura
Laboratory for Space Physics
Goddard Space Flight Center, Greenbelt, Maryland 20771

Provisional equatorial Dst is plotted below for the period January 20-31, 1971. The Dst data
presented here are provisional. The base Tine, which is based on extrapolations of the base 1ines
for the four observatories, Kakioka, Hermanus, San Juan, and Honolulu, from the 1957-1970 series
[Sugiura and Poros, 19711, will be redetermined later when the final Dst values are calculated.
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Solar Wind Velocities and Geomagnetic Activity Associated with the Cosmic Ray Increases
of January 24, 1971 and September 1, 1971

by

S. Krajcovic
Geophysical Institute
of
The Slovak Academy of Sciences
Bratislava, Czechoslovakia

Initially, we consider the geomagnetic activity from January 17, 1971 to January 31, 1971. The
beginning of this critical period is characterized by one Q day (maximum Kp = 3-; minimum Kp = O+;
3Kp = 13-). The five following days (Jan. 18-22) are characterized by disturbances with £Kp values
lying between 160 and 32-. January 23, 1971 is a Q day of the order of 130 for Kp. The two
following days are comparable with respect to the geomagnetic activity with the days of the preceding
subperiod (before Jan. 17) and are followed by one Q day with the minimum magnetic activity of the
total critical period, i.e. IKp = 2+.

On the beginning of January 27, 1971 there appeared an ssc at 0024 UT of an important magnetic
storm, the duration of which is about two days. The sum of planetary K-indices decreased on
January 29, 1871 to the value of 22-, and then it was followed by one disturbed day (January 30, 1971)
which has evidently no association with the cosmic ray increase on January 24, 1971. A1l of this is
illustrated on the upper part of Figure 1.

The second critical period analysed in the present paper begins on August 25, 1971 and ends on
September 8, 1971. This situation is shown in the Tower part of Figure 1. At the beginning of this
period two normal days are followed by two quiet days, August 27-28, 1971. Two more normal days
follow these. The end of August 1971 1is characterized by an important disturbed day (with respect to
September 1, 1971) during which the maximum ZKp reached the value of 33o.

Tk,
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Fig. la. Geomagnetic activity of the period January 17-31, 1971 as characterized by IKp for each
day. D, Q and QQ refer to disturbed, quiet and ;ery quiet days, respecti%e]y?
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Fig. 1b. Same as Figure la for the period August 25-September 8, 1971.
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Even if the day of September 1, 1971 is termed a normal one, it is very important to notice that
the values of three-hour indices are of order of 20, i.e. they are practically on the threshold
of the disturbed subperiod.

The most important difference noted in comparing the geomagnetic activity of the critical days of
the above mentioned periods (namely, January 24, 1971 and September 1, 1971) is the following:

a.) September 1, 1971 is preceded by one disturbed day and followed by two QQ days, then by
one day that is rather quiet;

b.) January 24, 1971 is preceded by one quiet day and followed by one normal and one quiet
day, this subperiod preceding an important geomagnetic storm (see Figure 1).

It is noted that the disturbed day on September 7, 1971 has evidently no association with the
studied cosmic ray increase of September 1, 1971.

In Figure 2 we can see the time distribution of the solar wind velocities registered during both
studied periods aboard Vela 3 and Vela 5 satellites (three hours or daily averages) and aboard
Pioneer 6 and Pioneer 7 satellites (hourly averages during selected days).

i;gv
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300+
1971 JANUARY 20 22 24 26 28 30

Fig. 2a. Time distribution of the solar wind velocities for the period January 17-31, 1971.
Vela 3 and Vela 5 values (heavy line) are three hour or daily averages. Pioneer 6
and Pioneer 7 values {x's) are hourly averages during selected days.
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Fig. 2b. Same as Figure 2a for the period August 25-September 8, 1971.

By comparing Figures 1 and 2 we can state that the correlation among the solar wind velocities
and Kp-indices is rather good. In addition we note that the solar wind velocities observed aboard
Pioneer 6 and Pioneer 7 are, generally speaking, greater than those observed aboard Vela 3 and
Vela 5 satellites. The reason for this is evidently the fact that the Pioneers' solar wind velocities
are averaged over shorter time intervals (one hour) than those of the Velas’ (three hours or one day).
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The time distribution of cosmic ray increases for the above mentioned periods is plotted on
Figures 3a and 3b, respectively. The curves represent only the smoothed values of cosmic ray indices
(pressure corrected smoothed hourly totals) of Alert Neutron Monitor for selected periods which are
published in "Solar-Geophysical Data".

At first glance it seems that both curves plotted on Figure 3a and 3b, respectively, are very
similar, but in fact they vary greatly. The first curve (Figure 3a) is characterized at its beginning
by the mean level of cosmic ray indices of the order of 104-106%. At the end of the "critical” day,
we observe a sudden increase of cosmic ray indices to the level of 115%. After maximum, it decreases
again in about 6 hours to 106%, remaining at this level for about two days. On the beginning of
January 27 we observe a sudden decrease, the minimum of which is reached at noon of the following
day. Recovery to the previous level begins on January 29, 1971 and is accomplished by noon of

January 30, 1971.
% ALERT NEUTRON MONITOR
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Fig. 3a. Time distribution of cosmic ray increases for January 17-31, 1971
from the Alert Neutron Monitor (pressure corrected smoothed hourly

totals).
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Fig. 3b. Same as Figure 3a for the period August 25-September 8, 1971.
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Notice that the days of January 27-28, 1971 are the days when an important geomagnetic storm was
registered on the Earth's surface. Thus we are correct in stating that the above mentioned depres-
sion of cosmic ray indices was caused by a stronger interplanetary magnetic field that had occurred
during the period of geomagnetic storm. The above mentioned depression of cosmic ray indices was
seen by other cosmic ray stations, e.g., Calgary, Deep River, Sulphur Mountain, ‘etc.

The situation on the second "critical" day (September 1, 1971) is quite different. The first
interval of this period is characterized by an oscillation of cosmic ray indices among the range of
values 112 to 114% and then by marked increase to 127% on September 1, 1971. The value of the cosmic
ray indices decreases during the next 12 hours to 112% and then oscillates among the values 112-113%
until September 7, 1971, when the earlier level is again reached.

In this case the cosmic ray increase was not followed by a geomagnetic storm observable on the
Earth's surface. The reason for this is found in the Tocation of the eruption on the solar surface,
about 39° behind the western edge of the solar disk, while in the January analyzed data the position
of the eruption as a source of solar cosmic radiation i{s defined by the coordinates N19 W50.

The occurrence of a magnetic storm in the second case can be confirmed only on the basis of the
measurements aboard Pioneers and Velas, respectively, of solar wind velocities and proton densities.
These data were not available at time of preparation of this contribution.

In conclusion, it is evident that the experimental data obtained by other scientists in space

experiments or in ground-level observations, when published, can contribute to a more complete
analysis of the above mentioned events of cosmic ray increases and related phenomena.
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Recurrent Tendencies in Geomagnetic Activity at the Time of Increased Cosmic Radiation
at the Earth's Surface.on 24 January 1971 and 1 September 1971

by

Jaroslav Halenka
Geophysical Institute
Czechoslovak Academy of Science
Prague, Czechoslovakia

The purpose of these comments is to show whether and in what way recurrent tendencies are re-
flected in geomagnetic activity in the neighborhood of the studied GLE's. These may contribute
independent data on the nature of the interplanetary medium with a view to the propagation of solar
energetic particles.

GLE 24 January 1971, Day 22 of Geomagnetic Rotation No. 1880

The effect occurred in a weakly disturbed interval with slight geomagnetic activity. On the
0 day (24 January 1971) zKp = 17+ (Ap = 10). Kp = 4o in the first three-hour interval of day +1 was
also the highest value over the whole interval from day -3 to day +2. On day 22 of the previous (-1)
rotation tKp = 240 with Kp max = 4+, thus showing weak geomagnetic activity. In rotation -2 around
the 22nd day there was a marked minimum of geomagnetic activity (29 November - 2 December 1970, the
first half of the day), which reflected the complete absence of an external perturbing factor. In
the +1 rotation after the GLE there was weak stable geomagnetic activity, =Kp = 16 and Kp max = 30;
the +2 rotation showed slightly increased geomagnetic activity with an ssc and Kp max = 5- on day 22;
climax occurred in the +3 rotation with an ssc on day 21 and Kp max = 8- during the last interval of
day 21 and subsequent Kp max = 7- during the first interval on day 22 with 5Kp = 330 (Ap = 36). The
decrease of geomagnetic activity during the +4 rotation terminates the series of disturbances.

The investigated case occurred between two clearly recurrent increases of geomagnetic activity,
also commencing with ssc on days 16 and 25, in which the activity of longer duration was on a mod-
erately increased level. It is separated from them on both sides by well-defined decreases of geo-
magnetic activity on days 21 and 24, which can be observed during several rotations. The repetition
of some of the details in the course of the geomagnetic activity, which might have a recurrent nature,
for the immediate vicinity of the studied effect is shown in Figure 1. For the moderate smoothing
of the random fluctuations of the Kp-index, running means over three consecutive three-hour inter-
vals were applied. The long-term comparison of the daily sums of Kp on days -1, 0 and +1 during
rotations Nos. 1873 to 1887, shown in Figure 3a, is remarkable and indicates that the agent causing
the geomagnetic activity displayed systematically similar properties over a comparatively wide inter-
val of 3 days during the individual rotations.

Days
1 ] 1 1 1 i 1 1
4 Rot. Nr \ oo . i
° L
4 179 7 . o o i
: ..:' ° ! ° °

2 ee ITart o . X
] oo . % H f ' ol . °

01— o AR et
= i M | T

| | | i | 20 L.

4 1880 : : ‘1 | : .'0.

i 1 Py =
B ooee- S ! oo :

P e T TR i
N Jle ° | 5
N ':' : ..l.o-f°. ? : doo °

o}- : .l : ‘l : | ° L.

0 L H i H ' ° L, © %%

- ! 1 ! | ! : *
! | | { | | -

41, T8 S T R A !

. ] ! | y
“ ‘.0. I I’a.'?.' “ : " : - L
ofjo

2 - ° i . 1'-"_.0.--'. o B

e i, elo l . °s oo,
¢ | ® oo o -
O ‘ o Y
T T T T T T B
-3 -2 -1 0 1 2 3

Fig. 1. Kp for rotations 1879-1881.
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GLE 1 September 1971, Day 26 of Geomagnetic Rotation No. 1888

The effect occurred during a weakly disturbed period at the time of the decline of activity. On
the day 0 (1 September) zKp = 190 (Ap = 10), the Kp max = 50 in the first and eighth three-hour
intervals of the preceding day also represent the highest values within a wide interval around day 0.
An ssc occurred in the eighth interval on day ~2. In the previous (-1) rotation on the day 26
IKp = 18- with Kp max = 4+ and weak activity on the decline similar to rotation -2, in which the
series of disturbances a

ppeared at an even Tower Tevel of activity; however, an ssc was observed on
day 25, The characteristic feature of the investigated case, the de

creasing nature of the degree of
disturbance in the course of day 26, was also preserved in the +1 ro ?

tation (ZKp = 180) and partly
also in the +2 rotation, when the series of disturbances was terminated.

The investigated event was separated at both ends from the neighboring activity by marked,
clearly recurrent decreases of geomagnetic activit

y on days 24 and 27, which can clearly be observed
in many rotations. The repetition of severa] details in the close vicinity of the studied event,
which might have a recurrent nature, is shown in Figure 2, again with the help of the curves of the
Kp-index smoothed by running me

ans over three three-hour intervals. The comparison of the daily
Kp-index sums on days -1, 0 and +1 during rotations Nos.

1881 to 1894 is illustrated in Figure 3b,
and in comparison with the GLE of 24 January 1971 is not as good, which shows that the agent causing
the geomagnetic activity could have had different properties in the transverse direction in some of
the rotations during the appropriate three-day interval.

On the whole it may be said that the recurre
netic activity in the closest neighborhood of th
However, it was at least outlined. As regards
netic activity over the period of several days
putable in general features.

nt tendencies in the fine time structure of geomag-~
e investigated events was not particularly marked.
the occurrence of increases and decreases of geomag-
around both GLE's, the recurrent tendency is indis-

One may assume, therefore, that in the corresponding intervals the
conditions for the propagation of energetic particles (particular]

¥y as regards the GLE of 24 January
1971) were comparatively stable over a long period, and that with a view to the geomagnetic activity
in neither of the cases was there a question of forming a substant

ially new structure within the
appropriate sectors of the interplanetary medium.
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Fig. 2.

Kp for rotations 1887-1889.

269




Days

Fig. 3. Kp running means over three consecutive three-hour intervals.
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Geomagnetically Active Plages and Flares Observed during the Interval Including January 24, 1971

by
M. C. Ballario
Osservatorio Astrofisico di Arcetri
Florence, Italy
Abstract

The moderate geomagnetic disturbance observed on January 24 (Kp max = 4) is related to an S
proton flare recorded on January 22 (Time-lag of about 2 days).

On January 24 proton flares of importance 2, 1 and S are observed. They are related to the sc
geomagnetic storm (Kp max = 6) of January 27 (Figure 1).

The other geomagnetic storms and disturbances observed during the intervals January 7 - February
13, including the selected days, are well correlated either with CMPs of positive plages or with
occurrences of “"specific flares”, namely proton flares (Figure 1).
Introduction

Solar phenomena occurring during the interval January 7 - February 13, 1971, are examined.

In Figure 1 are marked:

A. The CMPs of all recurrent and non-recurrent plages as given in the McMath calcium plage
Tist (Solar-Geophysical Data, Part I, Boulder, Colorado).

B. The CMPs of recurrent positive plages only.
The positive plages are never associated, before the meridian transit, with spot-groups
type C or greater but, at the most, with spot-groups type A or B (spots without penumbra).

The CMPs of positive plages are generally associated with geomagnetic storms or disturbances;
the correlation being about 78% [Ballario, 1970a].

On the contrary the negative plages are associated, before the meridian transit and at least for
part of their 1ife, with spot-groups type C or greater (spot with penumbra).

The CMPs of negative plages, as well as their CMPs in the subsequent rotations, are generally
associated with quiet or slightly disturbed geomagnetic conditions [Ballario, 1970a], unless a
resurgence takes place.

It is also seen that the CMPs of non-recurrent plages, whatever the associated spot-group type
may be, are geomagnetically inactive.

The subdivision into negative and positive plages, depending on the associated spot-group type,
is based on the Fraunhofer Institut Solar Maps.

The plage subdivision into recurrent and non-recurrent is given in the McMath calcium plage
list. However, we have to note that, particularly when the active centers show only very small and
negligible plages which appear and disappear during their 1ife, some classified non-recurrent plages
may be considered as recurrent ones. Thus, in this regard, some changes have been made.

C. The geomagnetic index Kp (Bartels).

Io

The geomagnetically active flares.

We are not able, at present, to give the characteristics distinguishing the geomagnetically
active flares from the inactive ones. Only "a posteriori” we may correlate geomagnetic storms and
disturbances with flare occurrences.

In a previous paper [Ballario, 1970a] we have found that 48% of importance 2 and 3 flares, 53%
of importance 1 proton flares and 21% of importance S proton flares were followed by geomagnetic
storms or disturbances with Kp maximum value = 4+ (time-lag of about 2 days), while the others were
followed by quiet or sTightly disturbed geomagnetic conditions. On the other hand it is well known
that importance 1 and S flares are geomagnetically inactive.

In some cases the geomagnetic storms or disturbances are related both with CMPs of positive
plages and with flare occurrences. Only when there are not CMPs of positive plages associated with
the disturbance, can we consider the flare entirely responsible for the disturbance itself.
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Table 1
CMPs of plages recorded during the interval Jan. 7 — Fab. 13, 1971
and their subdivision into positive and negative plages.

Mc Math Data

Remarks
] - Characteristics (group type from.
CMP 4| Hel.| Mcliath | Return Fraunhofer Institut
1971 long. | plage of Age solar maps)
number | region
Jan. |
T.31 830 47° 11107 New 1 non-rec. negative - -
8.3] w18 33 11108 | 111073} 3&5| recurrent n B groups in the prec.rot.
9.0 523 24 11124 New 1 rec. positive+(a) Rising in the W hemisph.
9.1 513 23 11110 11078 3 rec. negative D groups in prec. rot.
9.6| 820 16 11120 New 1 | rec. positive (a) | Rising in the W hemisph.
10.2 | N10 T 11112 11077 3 rec. negative B groups in the prec. rot.
10.6| S04 3 11111 New 1 | rec. n Rastern E groups
1195‘ S13 351 11114 New 1 non-rec. " - - -
11.6| 824 350 11125 New 1 | rec. positive (b) | Rising in the W hemisph.
13.0{ S10 332 11116 New 1 | non-rec. negative - -
13.7] N1l 322 11117 New 1 | non-rec. " - - -
14.9] s20 | 307 | 11118| New 1 | rec. positive (c) | No spots
15.24 S15 303 11121 New 1 rec. negative Bastern C groups
15.81| N19 295 11119 | 11084 2 | rec. " G groups in the prec. rot.
17.14¢ s11 278 11122 | 11087 2 | rec. positive 44B. groups
17.2| No8 276 11131 New 1 | non-rec. negative -
18.2| N13 263 11123 11088 3 rec. positive Bxperiences a resurgence
20.8| S10 229 11127 11090 2 rec., negative C groups in the prec. rot.
21.3 | N20 222 11128 New 1 | rec. " Bastern B groups
23,8} N1l 189 11129 | 11096 2 | rec. " Bastern D groups
24.0) 514 187 111301 11095 2 | rec. # Bastern J groups
25.81 N15 163 11133 11097 4 rec, " Bastern J groups
26.3] so01 156 11138 New 1 | non-rec. " - -
27.7 1 S19 138 11139 New 1 rec. positive+(d) No spots
28,0 N19 134 11135 New 1 | non~rec. negative - -
29.2 ] W04 118 11136 New 1 | non-rec. " - -
30,7 812 98 11134 New 1 | rec. " Eastern D groups
31.3| NO8 90 11140 11105 2 rec. positive Bxperiences a resurgence
31.8} N25 84 11143 11102 2 | rec. negative J groups in the prec. rot.
Feb.
1.9 | S07 69° 11144 | 11106 4 | rec. negative D groups in prec. rot.
3.0] N13 55 11137 11108 [14&5 | rec. " Bastern P groups
3.0] 814 55 11142 11124 2 Tec. " Eastern C groups
3.5 §25 48 | 11153| wew 1 |rec. uncertain'(e) - -
5.7 S22 19 11142 11124 2 rec., negative Eastern C groups
6.0 N21 15 11146 | 11108 4 irec. " E,;D groups in prec. rot.
6.3| S05 12 11145 11111 2 rec. " Eastern H groups
8.0 823 349 11154 New 1 rec. Qositive+(b) Visible in the W hemisph.
8.0| 815 349 11158 New 1 |rec. positive Rising in the W hemisph.
8.3 NO9 345 11148 New 1 |non-rec. negative -
9.3 | N15 332 11152 New 1 rec. u Eastern C groups
G.4| S40 331 11147 New 1 non~rec. + - -
10.6| 820 315 11159 New 1 rec. positive (c) Visible in the W hemisph.
11.0| Wil 310 11150 New 1 non-rec. negative - -
11.4] s10 304 11160 New 1 |non-rec. - -
11.7¢ 810 300 11151 New 1 |non-rec. " - -
12.3] S06 293 11161 New 1 |nomn-rec. " - -
12.4] W20 291 11150 11119 3 Tec. " G;H groups in prec. rot.
13.9| w23 271 11155 (. 11119 3 lrec. n n noonm n
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Table 1 continued

T

+(a) Plages 11124 and 11120 at L = 24° and L = 16° are probably the same plage recur—
rent with the negative plage 11142 at L = 19° (CHP: 5.7 February).

+(Db) Plage 11125 at L = 350° is probably recurrent with the positive plage 11154 at
L = 349° (CMP: Feb. 8,0).

+(c) Plage 11118 at L = 307° is probably recurrent with the positive plage 11159 at
L = 315° (CMP: Feb. 10.6).

+(d) Plage 11139 at I = 138° is probably recurrent with the negative plage 11165 at 16S
and L = 140° (CMP: Feb. 23.8).

+(e) Plage 11153 develops in the following part of the negative plage 11137.

Table 2

Importance 2 flares and importance 2,1 S proton flares observed during the
interval Jan. 7 - Feb. 13, 1971 (from Quarterly Bulletin on Solar Activity)

ADDe Proposed correlation between
Date| Time | Max | Position| Imp.| and Charac. McMath Kp max. and flare max.
1971 U.T. | U.T. corr. Region (time~lag of about 2 days)
aerea
Jane.
16 0804 0830 18N-65%& 2N | 2.6 BLWZ 11128 Kp max = 5~ on Jan. 18.6
1030 |-
22 2338 2415 | 19N-23W SB 1.0 U 11128 Kp max = 4 on Jan. 25.1
2435 1.2
24 1436 1445 | 21N-47W 1N 1.3 LU 11128
1500 2.1
24 1706 1723 | 18N-45W 1N 1.6 FU 11128
1803 1730 -
24 2035 2039 | 19N-50W SN 1.0 EKU 11128 Kp max = 6 on Jan. 27.3
2120 2048 - ;
24 2215 2227 | 20N-48W 1N 1.9 FU 11128
2231 -
24 2308 2315 | 18N-49W 2B 4.1 KU 11128
2530(] 2331 -
31 1114 1116 | 128~12¥ SB 1.9 Uz 11134 Geomagnetically inactive
1153 1.9
Feb.
4 082? 0834 | 04N-31W SN - U 11137 " "
0855 1.0
5 1546 1546 | 085-09E SN 1.1 BUV 11145 " "
1558 1.1
5 | 2221 | 2225| 09S-02E | 2N - sV 11145 " "
2320 -
6 0438 0507 ;| 17N=-23W 2N 6.0 SU 11137 n "
0607 6.8
11 | 0428 0504 | 28w-6oW | 2F | 2.2 | FGHL | 11146 " "
0608 -
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E. A1l the flares observed as given in the Quarterly Bulletin on Solar Activity.

The Events of January 7 - February 13

Plages

The CMPs of recurrent and non-recurrent plages observed during this interval and their subdivi-
sion into positive and negative plages are presented in Table 1 and marked in Figure 1A.

The positive plages are 11 in number and one is uncertain (McMath No. 11153), Their CMPs are
marked in Figure 1B. Some of these positive plages, given as non-recurrent in the McMath calcium
plage 1ist, may be considered as recurrent ones (see footnotes of Table 1).

Broken 1ines relate the CMPs of positive plages with geomagnetic storms or disturbances
(Figures 1B, 1C).

Flares
The data referring to importance 2 flares and importance 2, 1, S proton flares are presented in
Table 2. They are 13 in number and only seven of them (five of which occurred in the same day) are
followed by geomagnetic storms or disturbances. ’
These geomagnetically active flares are marked in Figure 1D.

Broken 1ines relate the maxima of the flares with the maxima of the storms or disturbances
(Figures 1b, 1C).

Conclusion
The behavior of the geomagnetic index Kp during the interval under examination may be inter-
preted taking into consideration either the CMPs of recurrent positive plages and/or flare occur-
rences.
Particularly we note:
a.) The moderate geomagnetic disturbance of January 24 (Kp max = 4) is entirely due to the proton
flare of importance S recorded on January 22 (time-lag of about 2 days), since no CMPs of
recurrent positive plages are correlated with the disturbance itself.

b.) Also the sc geomagnetic storm of January 27 is entirely due to the five proton flares of impor-
tance 2, 1, S occurring on January 24,

c.) The sc geomagnetic disturbance of January 18 is related both with the CMPs of a recurrent posi-
tive plage (McMath No. 11122) and to an importance 2 flare occurring on January 16.

d.) The geomagnetic storms of January 20 and January 29 are related to CMPs of recurrent positive
plages (McMath Nos. 11123 and 11139, respectively).

e.) The CMPs of recurrent negative plages and of non-recurrent plages are associated with quiet or
s1ightly disturbed geomagnetic conditions (see the period February 2 - February 8; plage No.
11153 is probably a negative plage as stated in the footnotes of Table 1).

f.) Only for the geomagnetic disturbance of January 30 we are not able to give an interpretation
since neither CMPs of recurrent positive plages nor flare occurrences are related with it.

The results here obtained are in good agreement with those found in examining the solar and
geomagnetic phenomena recorded during the year 1968 [Ballario 1970a] and in other selected intervals
[Ballario 1969a, 1969b, 1970b, 1971, 1972].
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Comments on the Special Intervals of January 24 and September 1, 1971

by

Bohumila Bedndrovd-Novdkovd
Geophysical Institute, Czechoslovak Academy of Sciences, Prague

An explanation of the geomagnetic activity in both special intervals and their immediate vicinity
with a view to solar activity.

Special Interval, January 24, 197]

Two active centers with sunspots (Figure 1) passed through the Solar Central Meridian on
January 23. One was in the north with spot type C16 January 23 (C14 January 24) and had filaments at
the circumference of the field towards the equator and one directly on the equator; the other was fin
the south with spot type E27 January 23 (E30 January 24). Thus, we have two groups of sunspots on
either side of the equator. This is a classical case of the Central Meridian Passage of two fields
after which geomagnetic calm occurs [U. Becker, 1953; A. Stastnd, 1964]. The reason for this is that
the corona is split in the region between active centers as a result of two close, strong Tocal magne-
tic fields, so that the space above the center of the visible solar disk is plasma-free, The bound
filament with the northern region also indicates the separation of the fields. The geomagnetic dis-
turbance only occurred after the Central Meridian Passdge of the eastern Timits of both active centers,
where the connection between the northern and southern hemispheres was indicated by a small filament,
located in a nearly meridional direction, which vanished between January 23 and 24. Conditions
existed there for the generation of a narrower coronal stream which, after haying reached the Earth's
magnetosphere, caused an increase in geomagnetic activity [B. Bedndrovéd-Novdkovd, 1961; B. Bedndrovd-
Novdkovd and J. Halenka, 1969]. A disturbance with a short duration occurred at the end of January 24
(the last three-hour interval) and at the beginning of January 25 (the first three-hour interval).
This was followed by complete geomagnetic calm. The storm with an §¢ began on January 27 after the
Central Meridian passage of the circumferential unstable filament in the southern hemisphere, which
belonged to region E27 on January 23. Part of this filament was located in a nearly meridional dir-
ection. The coronal formation has its largest dimension above this filament, corresponding to the
length of the filament, similar, e.g., to the case of the 1968 corona in the NW, photographed during
the total solar eclipse of September 22, 1968 [B. Bedndrovd-Novdkovd, in manuscript]. A stream of
this type, if oriented radially above the center of the solar disk, is pointed directly at the Earth
and the coronal plasma may affect the geomagnetic field.
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Fig. 1. Drawing based on Fraunhofer Institut's Map of the
Sun from January 24, 1971.
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Special Interval, September 1, 1971

A central floccular field with an unstable filament passed through the Central Meridian on
August 29, 1971. A sudden commencement of a geomagnetic storm followed on August 30, which was the
result of the formation of a coronal stream above the center of the visible solar disk. Another dis-
turbance, subsequent to the storm and ending on September 1 (Figure 2), may be attributed to the
equatorial wing of a minimum-shape corona forming after Central Meridian Passage of an unstable fila-
ment in the southern hemisphere and to several other filaments in the northern hemisphere on August 30.
If suitably oriented, conditions are created for the coronal plasma to reach the Earth's magnetosphere.
[t can be said that the cosmic radiation propagating from the Sun on January 24 and September 1, 1971
had no connection with the geomagnetic activity following, as has already been pointed out in several
other cases [J. Halenka, 1968; J. Halenka, 1971].

PPemgmn

N
Fig. 2. Drawing based on Fraunhofer Institut's Map of the
Sun from September 1, 1971.
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Geomagnetic and SID Effects of the 24 January 1971 GLE

by

J. E. Salcedo
Manila Observatory
Manila, Philippines

On the occasion of the Ground Level Event (GLE) of 24 January 1971 many and various geophysical
effects were recorded. A study of these effects will help to understand better conditions and mech-
anisms in the sun, in the earth's atmosphere and in planetary space and their interrelationships.

During the initial activities of McMath region 11128 before 2310 UT on the 24th, a geomagnetic
substorm existed which could be the cause of subsequent enhancements of ionospheric conductivities.
Figure 1 shows that typical solar wind velocities of about 400 km/sec prevailed until the first on-
set of 5-21 and 21-70 Mev protons. A 50 km/sec increase was measured by Vela spacecrafts. This
increase in solar wind velocity was not significant enough to cause any disturbance in the geomag-
netic field. The proton peak occurred some 10 hours, from ATS-1 data, after the H-alpha flare event,
and still no impressive geomagnetic effect could be noticed except for the very mild storm in progress.
During the steady decline of the protons on the 26th, the X-component of the geomagnetic field calmed
down with a prevailing increase of about twenty gammas over the smooth Sq. This calmness in the
enhanced X-component of the geomagnetic field lasted until the ssc on thé 27th. A phenomenon, such
as this, can be attributed to the nearly constant heavy influx of charge (protons in general) into
the earth's magnetic field buffering it from ordinary external disturbances.

Also from Figure 1 no other significant solar activity occurred during the period shown, between
the great solar event and the geomagnetic ssc. Starting on the 27th at 0431 UT, the ssc was evidence
of the arrival of the shock front [Tam and Yousefian, 1972] emanated from the flash phase of the solar
flare explosion. This shock front comprised of solar gusts, arrived 53 hours and 08 minutes from the
time of the peak centimeter burst, i.e., 2323 UT of the 24th. The solar shock can be described to
consist of a classical front of waves with 3 peaks, each succeeding the other at a little over two
minute intervals. The solar gust is calculated, from the transit time, to have an average velocity
of 772 km/sec. Although this speed is not fast compared with 1100 km/sec velocity of previous big
events, it induced a fast compression rate in the geomagnetic cavity. Then, this high compression
rate can be attributed to a relatively dense composition of the solar wind which compressed the geo-
magnetic field X~component to 32 gammas in only a minute and a half at Manila.

The great solar event occurred at about 0700 of the 25th Manila local time. Short-wave trans-
missions via the F-region showed increased absorption of 7.0 dB on 9.6, 12 and 15 MHz and only 4.0 dB
on 18 MHz. A total SWF did not occur because of nearness to sunrise. The shortwave stations moni-
tored in Manila are northerly because of Manila's location at the west edge of the Pacific. Only
Japanese and Chinese stations are conveniently receivable. Other factors present in Tonger distance
transmissions make identification of SWF from eastern sources ambiguous.

Another impressive effect on the D-region was displayed on the SPA (Sudden Phase Anomaly) moni-
tors. The NLK (Seattle-Manila 18.6 kHz) path showed a 246° phase advance. The GBR (Rugby-Manila
16.0 kHz) and NDT (Tokyo-Manila 17.4 kHz) paths had 35° and 33° phase advances, respectively. The
major portion of the GBR path was still in darkness when the solar event took place. The NDT path,
though one hour east of Manila, was not fully exposed due to the winter tilt. If these SPAs were
to be normalized, i.e., maximum 1it path [Wisdom, 1971] a 500-degree phase advance could be attained.
Wisdom showed that normalized SPA exceeding 120° for NLK, 115° for GBR and 80° for NDT, fall into
the category of a major SPA.

The main event of 2322 UT, the 2B flare, was preceded by at least four other significant events
in McMath region 11128 within three hours. After the big event, all was quiet except some ten hours
Tater, at a different region, McMath 11130, a sub-flare erupted. This makes the 2322 UT 2B flare
a good specimen in the study of subsequent behavior of the geomagnetic field.

Figure 2 reveals certain characteristics of the plasma shock front, responsible for the ssc,
nearly retained until its arrival on earth. The three outstanding initial peaks in the dekameter
total power intensity were also manifested in the geomagnetic storm commencement, indicating a
common causative agent: the plasma front. It is worthy of note that the peaks in the ssc are
widely separated, 5.6 minutes against 2.6 minutes in the dekameter profile. Due to the 1.5 x 108 km
course the solar wind shock front travelled, the earlier waves moved fast - thus more widely sepa-
rated on arrival. The shock front while being propagated outward into the corona was excited into
plasma oscillation (an accepted mechanism in the generation of Type IV dekametric events). The
denser the plasma, the more intense the dekameter emission. These three peaks, therefore, suggest
that the shock front is comprised of bunches of plasma waves. The same waves, on arrival at the
earth compressed the geomagnetic cavity at three peak intervals. This cavity, having an extremely
low resonance, could not respond to the detailed wave composition of the compressing plasma front.
Thus only three smooth but distinct peaks were displayed in the analog recorder.
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DETAIL OF THE GEOMAGNETIC SSC IN THE X- COMPONENT

FIGURE 2. RADIO AND GEOMAGNETIC EVENTS ASSOCIATED
WITH THE 24 JAN:I97| GLE OBSERVED AT MANILA.
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The Tables below describe the behavior of the D-region during the solar event both as an absorb-
ing and as a reflecting Tayer. The lower the frequency, the earlier the SWF reached maximum absorp-
tion. Recovery was in the reverse order; 18 MHz was first and 9.6 MHz last. The average max time
for the SPAs was also about the same with the SWFs, at 2342 UT.

Table 1 Table 2
SWF Events 24-25 Jan 1971 SPA Events 24-25 Jan 1971
Phase
Freq (MHz) | Start| Max| End | Abs.(dB) Sta.Freq(kHz) | Start| Max| End Advance (°)
9.6 2308 | 2340 0315 7.0 NLK 18.6 2306 | 2340| 0300 246
12 2307 | 2341} 0300 7.0 NDT 17.4 2308 | 2347| 0200 33
15 2309 | 2343} 0256 7.0 GBR 16.0 2317 | 2328] 0134 35
18 2306 | 23441 0235 4.0

Radio and H-alpha peak times agree to within a minute, 2323 and 2322 UT, respectively. The
X-ray max time, particularly the softer ones and the EUV which are responsible for ionizing the
D-region, cannot be far behind, if not within, the radio and H-alpha max times. Castelli and
Richards [1971] showed excellent agreement between EUV and centimeter radio start time and time
of burst maximum. From Tables 1 and 2, an appreciable delay of twenty minutes exists, on the
average, between H-alpha and radio times and maximum SID times.

Peak absorption and peak reflection of signals by the ionosphere imply maximum electron density
has been attained. The data in the Tables showed continued ionization had prevailed for about twenty
minutes after the centimeter radio max time. Secondary ionization: freed electrons have acquired
exceedingly higher energies than usual, then reimparted to neighboring particles by collision, thus,
prolonging the jonization process. More studies are being done to explain this time lag and to de-
termine if it can be a useful indicator for extremely big events, such as, a GLE.

The author thanks AFCRL for supporting this work, and J. J. Hennessey and V. L. Badillo for
their encouragement.
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On Geomagnetic Pulsations at the Time of Solar-Terrestrial Events
of January 24, 1971 and September I, 1971 at the Budkov Observatory

by

Karel Prikner
Geophysical Institute
CzechosTlovak Academy of Sciences

Prague, Czechoslovakia

Introduction

The solar-terrestrial events of January 24 and September 1, 1971 belong to the category of
phenomena which do not connect up directly with sudden marked disturbances of the geomagnetic field.
However, they are usually related to the development of the conditions in the geomagnetic field in
the course of the subsequent days or weeks. Therefore, it is necessary to investigate comprehen-
sively their regularities from the point of view of forecasts of geomagnetic activity.

For purposes of investigating the behavior of the short-period variations of the geomagnetic
field during both periods, the records of a normal magnetic apparatus of the Bobrov system (record-
ing speed 20 mm/hr) and of a rapid-run induction variometer with a permalloy core (15 mm/min) of
the IVJ-2 type, located at the Budkov Observatory {geomagnetic longitude and latitude A = 96° Q2'F
@ = 49° 01'N) were used. The K-indices for the 3~hourly intervals were determined for the Préhonice
Observatory (A = 97° 18'E & = 49° 54'N).

Significant Disturbances in the Geomagnetic Field

The degree of disturbance of the geomagnetic field during both intervals is characterized by
the run of the K-indices, adopted from the Prihonice Observatory and shown in Figures 1 and 2.
The interval between January 22 and 24 did not display any significant sudden disturbances. Not
until 1930 UT on January 24 was an ssc observed {amplitude about 13v), which was followed by a
storm with a relatively short duration and recovery in the course of January 25. The whole of
January 26 was very caim. At 0430 UT of January 27 a very sharp ssc was recorded (amp1itude about
22y) with a subsequent severe storm, the effects of which could be observed until the end of January.

Beginning August 31 a geomagnetic storm with a gradual commencement was in evidence, the effects
of which could still be observed on the morning of September 1. On the same day, after 1900 UT, a
bay disturbance developed in the H-component with an amplitude of about 26y, lasting roughly 1.5
hours. The interval between September 2 and 4 is again relatively calm. A sharp ssc* with an
amplitude of about 15y was recorded at 1646 UT on September 4, which was followed by a geomagnetic
storm.

Geomagnetic Pulsations

The most typical pulsation in the region of the Budkov Observatory is the day-time Pc3 pulsa-
tion. Owing to their most frequent occurrvence during magnetically calm intervals, they were chosen
as a means for studying the characteristics of the short-period variations in both intervals con-
sidered.

Several days on either side of January 24 and September 1, 1971 samples of the Pc3 puisations
were taken roughly in one~hourly intervals. Provided they were recorded, this applies to the whole
period of their usual daily occurrence.. In accordance with Hirasawa [1969] and Jacobs [1970] this
period is roughly between 0300 and 1900 UT at the observatories mentioned above. The periods (T)
and the double amplitudes (A), as the max. oscillation of the pulsation, in the X (NS) component of
the records were measured in the samples. These data were not measured on August 31 because the
field was too severely disturbed by a geomagnetic storm. For the same reason the measurements in
both cases were terminated by the onsets of the geomagnetic storms of January 27 and September 4,
1971.

_For each day, independently, the average daily value of both the quantities measured, T(s)
and A(y). were also determined. The results for the interval around January 24 are in Figure 1
and the results for the interval around September 1 are in Figure 2. For purposes of comparing the
degree of disturbance during both intervals with the variations of the pulsation characteristics,
the run of the K-indices has been introduced into both the Figures. Apart from this the average
daily values T and A are recorded for both intervals in Table 1.

The intervals were not evaluated for the evening and morning hours of January 22 and 23, and

January 23 and 24, respectively. This was due to a failure of the recording instrument, which
also occurred just prior to the interval investigated.
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Fig. 1. Measured values of the amplitudes (A) and periods (T) of Pc3 pulsations
(Budkov) for the studied interval in January 1971 {dots) and the run of
their average daily values (circies). The run of the Prihonice K-indices
has been included.

Discussion

In the course of both the evaluated intervals a smaller variation in the values of the average
daily period T and a more marked variation in the average daily value of the amplitude A of the
samples of recorded pulsations appeared. The value of T in both cases increased after the set date
{in January roughly from about 29 seconds on January 24 to 37 seconds on January 25 and in September
gradually and over a longer interval from 28 seconds on September 1 to 39 seconds on September 4).

The values of A on January 24 and September 1 were relatively high (Table 1). In both cases
they decreased markedly during the subsequent days by more than 50% of their original value (from
A = 0.527y on January 24 to A = 0.194y on January 26, and from A = 0.770y on September 1 to A = 0.132y
on September 3, 1971). In some of the hourly intervals no pulsations could be observed on the records
at all. In comparison with the run of the K-indices the subsequent period has the character of a
rapid decrease in the overall level of disturbance of the magnetic field, simultaneous with decreas-
ing activity in the range of short-period variations.

As already mentioned above, both the intervals with decreased levels of activity are followed
by geomagnetic storms with sharp ssc's. This phenomenon can be observed frequently. One shouid
point out that similar behavior was also observed in T and A during the interval immediately pre-
ceding the geomagnetic storm of March 8, 1970, which is discussed elsewhere [Prikner 1971].

In both the cases studied there is a clear time relation between the overall decrease of the
level of disturbance in the geomagnetic field (K-indices) and the pulsation characteristics (T, A).
These features in the behavior of the pulsations are in agreement with the results of Jacobs [19707,
etc. According to the conclusions of Troitskaya et al. [1967], the velocity of the solar wind in
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Fig. 2. The same as in Fig. 1 but for the interval in September 1971.

the vicinity of the Earth should have decreased slightly during the intervals investigated. Now,
consider the interpretation of the changes in the pulsation characteristics as in Prikner {1968].

In this interval of a relatively low level of activity of the geomagnetic field, one may expect an
increase in the size of the resonator in which the pulsations are generated or a certain decrease

in the average velocity of the HM-waves in the Earth's magnetosphere. This may be connected with
the expansion of the Tower layers of the magnetosphere (plasmasphere) as a result of heating or of
the expansion of the resonator - magnetosphere when the plasma pressure of the solar wind decreases
at the boundary of the magnetosphere. The said processes result in a gradual increase of the period
of the recorded pulsations, in a decrease of their amplitudes, and possibly even in their vanishing
from the record. This could be actually observed in the observatory data used.

With a view to forecasting geomagnetic activity, the comprehensive study of these intervals is

interesting. The study is important principally because of their connection with the geomagnetic
storms which follow them.
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Table 1

Date (1971) T (s) A (y)
January 22 26.3 0.366
23 29.6 0.332 7
24 29.2 0.527
25 37.0 0.261
26 32.0 0.194
August 31 storm storm
September 1 28.0 0.770
2 28.3 0.212
3 36.0 0.132
4 39.5 0.299
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The Cosmic Ray Event of January 24, 1971,
and the Micropulsation Activity

by

Jagdish Chandra Gupta
Earth Physics Branch
Energy, Mines and Resources, Ottawa, Canada

On January 24, 1971, at about 2335 UT the counting rate of cosmic rays increased suddenly by
about 12% above the background level. A few minutes earlier a flare of importance 3B was reported
to have erupted in the McMath plage region 11128. And, about 52 hours later a world-wide moderate
intensity ssc geomagnetic storm was recorded by the magnetometers. It is most probable that whereas
the high energy particles ejected from the sun due to the flare were responsible for the observed
cosmic ray increases the bulk of the low energy particles which arrived several hours later caused
the storm.

In order to study the micropulsation activity following this cosmic ray event the normal run
magnetograms showing Pc5 activity and the rapid run magnetograms showing the pulsational activity
in the Pc3, 4 period range were examined from several observatories described in Table 1.

Table 1
Stn. Station Geographic Geomagnetic
No. Latitude TLongitude | Latitude (N) Longitude (E)
1. Alert 82.5°N 62.3°W 85.7° 168.7°
2. | Resolute Bay 74.7°N 94.,8°W 83.1° 287.7°
3 Mould Bay 76.2°N 119.4°w 79.1° 255.4°
4. Baker Lake 64.3°N 96.0°W 73.9° 314.8°
5. | Leirvogur 64.2°N 21.6°W 70.3° 71.6°
6 Fort Churchill 58.7°N 94.3°W 68.8° 322.5°
7 Great Whale River | 55.3°N 77.8°W 66.8° 347.2°
8. Abisco 68.3°N 18.8°E 65.9° 115.3°
9. Kiruna 67.8°N 20.4°E 65.3° 115.7°
10. College 64.9°N 147.9°wW 64.6° 256.1°
11. D8mbas 62.1°N 9.1°E 62.3° 100.1°
12. | Meanook 54.6°N 113.3°w 61.9° 300.7°
13. Sitka 57.1°N 135.3°W 60.0° 275.0°
14, St. John's 47.6°N 52.7°W 58.7° 21.4°
15. Ottawa 45.4°N 75.6°W 57.0° 351.5°
16. Victoria 48.5°N 123.4°W 54.3° 292.7°
17. Tucson 32.2°N 110.8°W 40.4° 312.2°
8. San Juan 18.4°N 66.1°W 29.9° 3.2°
19. Honoluly 21.3°N 158.1°yW 21.1° 266.5°

The chart records examined do not give any indication of special pulsational activity starting
simultaneously with the cosmic ray event. And, one could say with confidence that any regular or
irregular pulsational activity seen on the records would have been present whether or not the cosmic
ray event occurred. In other words the entry of the very high energy particles into the magneto-
sphere did not trigger any conditions which might lead to micropulsation activity.
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Fig. 1. Rapid run micropuféation record for January 26-27, 1971, from station Ottawa.

The rapid run Ottawa magnetogram for January 26-27 is shown in Figure 1. Simultaneously with
the ssc a Pi2 developed and was seen on Ottawa, Meanook, Baker Lake and Resolute Bay records; because
of instrumental problems the Meanook rapid-run records are not analysed further. The pulsational
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activity was in the Pc3, 4 period range and rather sinusoidal in nature a few hours prior to the Pi2
appearance on the records. Following the Pi2 irregular pulsational activity dominated the charts
and often rendered them unusable, especially at Ottawa. For stations Resolute Bay, Baker Lake and
Ottawa in Table 2 are shown:

(1) the average amplitude of the largest Pc3, 4 pulsation whenever present in all the 15
minute intervals lying between 1630 UT on January 26 to 0430 UT on January 27
(column 3 and 4);

(2) %he amp]i;ude of the dominant cycle of the Pi2 which developed at 0430 UT on January 27
column 5);

(3) the average amplitude of the largest Pi pulsations in each of the 15 minute intervals
during 0430 to 0630 UT on January 27 (column 6).

Table 2
Station Component Amplitude (nT)
Pc3 Pch Pi2 at Pi's after
ssc ssc
Resolute Bay Y - 0.8 9.2 1.9
Baker Lake X 2.0 1.9 14,0 13.9
Ottawa H 1.3 1.1 3.5 2.9

Clearly the amplitudes of pulsations, Pc's or Pi's are largest in the auroral zone (Baker Lake
in general is on the northern border of the auroral zone). The Pi amplitudes seem to fall much
more rapidly than those of Pc's on either side of the auroral zone.

Some high Tatitude normal run magnetograms showed Pc5 activity more distinctly than others
during the intervals preceding the ssc and after the peak of the substorm (seen at high Tatitudes)
which followed ssc. Most striking example is that of Great Whale River where Pch activity predom-
inates in all three components (Figure 2). There is a recognizable difference between the pulsational
activity before and after the substorm; the former is more sinusoidal and of small amplitude and the
latter is irregular and of Targe amplitude. The amplitude and the period of the Targest pulsation
in the Pc5 period range, in each hour, are measured from the normal magnetograms for the intervals
0000-0400 UT and 1000-1400 UT on January 27; the later interval begins closer to the end of the sub-
storm. The computed average values are given in Table 3 for several stations, a majority of which
Tie at high Tatitudes. It is seen clearly from the Table that whereas the amplitudes increased,
the periods of the Pc5 pulsations decreased after the substorm activity. The amplitude of the
pulsations was largest at Churchill prior to the substorm and at Great Whale River after the sub-
storm. This indicates an inward movement of the surface at which HM waves responsible for Pc5
oscillations are generated. After the substorm the amplitudes are found to be large at Great Whale
River and 70° to the West at College. However the amplitudes are found to be smaller at Churchill
and Meanook. In the latitudinal extent the amplitudes in general are found to decrease rather rapidly
but Kiruna and Abisco which Tie between the Tatitudes of Great Whale River and College show much
smaller amplitudes. This tends to indicate a sectorial effect to be prevailing. Therefore these
observations support the idea of Obertz and Raspopov [1968] according to which the region of excita-
tion of Pc5 is localized in space. Even with the small amount of data used here the effect of
increasing magnetic activity on the amplitudes and on the periods of Pc5's is clearly demonstrated.
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Table 3

Average amplitude and the average period of the largest cycle of the
Pc5 micropulsations on January 27, 1971, in the H(or X) components.

Before the Substorm After the Substorm
Station 0000-0400 UT (Kp=04) 1000-1400 UT (Kp=6¢)
Amplitude Period Amplitude Period
(nT) (sec.) (nT) (sec.)

lert 7 297 46 288
Resolute Bay 13 459 24 252
Mould Bay 13 320 28 198
Baker Lake 12 374 33 310
Leirvogur 4 540 27 420
Fort Churchill 22 549 51 400
Great Whale River 13 580 80 405
Abisco 7 450 40 396
Kiruna 4 450 30 392
College 8 528 70 342
D8mbas 3 489 9 330
Meanook 4 477 49 342
Sitka 2 348 7 328
St. John's - - 6 310
Ottawa - - 12 275
Victoria 1 369 3 387
Tucson 2 520 6 340
San Juan - 400 2 380
Honolulu 2 500 6 300
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Cosmic Ray Event of January 24, 1971 and the Geomagnetic Variations

by

J. C. Gupta and E. I. Loomer
Division of Geomagnetism
, Earth Physics Branch
Department Energy, Mines and Resources
Ottawa, Canada

ABSTRACT

In the McMath plage region 11128 several flares of relatively low importance
occurred on January 24, 1971. The largest flare, Group 36350 [Solar-Geophysical Dataj,
began at 2215 UT with maxima at 2316 and 2335 UT, and importances of 1B and 3B, re-
spectively. Most probably the large cosmic ray increases recorded by the neutron
monitors near 2330 UT were associated with the very high energy protons ejected from
this flare. A moderate intensity ssc geomagnetic storm occurred about 52 hours after
the eruption of these flares. It was apparently caused by the impact on the magneto-
sphere of the solar wind modulated by the relatively low energy plasma ejected from
the solar flares of that day. An analysis is included for the complex polar substorm
which followed the ssc.

The movement of the auroral electrojet in the oval to the west and north and the
rotation of the oval to the west were inferred from the magnetic effects.

Data were insufficient to distinguish between the Akasofu and Feldstein equivalent
current models, and to determine the mechanism of the intensification of activity at the
northern edge of the oval. The anomalous nature of the current wectors at Godhavn and
Coliege remains to be explained.

It is the purpose of this report to examine the geomagnetic activity following a Targe and sudden
cosmic ray increase, which started about 2335 UT on January 24, 1971. The magnetic activity for a
few days (January 24-27) before and after the occurrence of this event is shown by the three hourly
Kp indices in Table 1. Clearly January 24-25 showed about average activity, January 26 was a very
quiet day and the disturbance started early on January 27.

Even though several tens of flares erupted during January 22-24 in the McMath PTage Region
11128, only some of the important ones are noted in Table 2 [see Solar-Geophysical Data, 19717.
Amongst tnese flares was fumber 6 which was of importance 3B and most likely produced particles in
a wide energy spectrum. However, the possibility that flare Number 7 is a strong source of particles
with different energies may not be discounted.

Table 1
Kp JANUARY 1971

Date Three-Hour Universal Time Intervals
1 2 3 4 5 6 7 8 ZKp
24 2- 2+ 1o 2+ 2+ 1- 3+ 4- 17+
25 4o 3- 20 2- 1+ 20 2- 1- 160
26 1= 0o 0o Oo 0+ 1- 0+ 0+ 2+
27 0+ 5- 60 4+ 5- 50 do 4o 330

Whereas the relativistic particles emitted during a flare arrive at the earth's orbit in a matter
of a few minutes, the bulk of the flare particles takes about 20-72 hours and produces si's or ssc's
on magnetic records. In the case under study the cosmic ray increase of January 24 occurred about
20 minutes after the first maxima of Group 36350 [SGD, No. 323, 1971] (see Teble 2). Based on this
transit time it is most probable that the relativistic protons with energies in the neighborhood of
1 Bev [Pinter, 1970] from this flare were responsible for the observed intense increase in cosmic ;
rays at high latitudes. About 52 hours Tatér on January 27 at 0430 UT a moderate intensity ssc geo-
magnetic storm was recorded by various observatories. Simultaneously a Forbush decrease was recorded
by the neutron monitors.
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Table 2

Grouped Reports=>1 JANUARY 1971
Flare No. Date Max Approximate Plage No. Importance
Location McMath
1 23 0414 N19 W21 11128 18
2 24 1814 N17 W46 11128 *1B
3 1830 N16 W45 11128 IN
4 2045 N19 W50 11128 N
5 2316 N19 W50 11128 *1B
6 2331 N18 W49 11128 38
7 25 0250 N19 W51 11128 *3F

*second brightening.

To expiain these observations it is suggested that the moderate/low energy pilasma ejected from
various flares of McMath plage region 11128 on January 24 modulated the background solar wind, the
impact of which on the magnetospheric boundary was mainly responsible for the observed storm. More-
over, the compressed geomagnetic cavity under the influence of this solar wind seems to have prevented
the background galactic cosmic rays from entering into the magnetosphere and thus giving rise to the
observed Forbush decrease. It is interesting to note that a similar ssc storm and a Forbush decrease
were recorded about 48 hours after the cosmic ray event of November 18, 1968 [Kawasaki and Akasofu,
19707].

For a few observatories (see Table 3) H-component variations on January 27, digitized from normal
magnetograms at 1 min-interval, are shown in Figure 1. The well-defined ssc occurred at 0430 UT on
January 27. This ssc was followed by a world-wide storm. The bulk of the particles from the flares
of January 24 had reasonable transit time to cause the observed ssc and the main phase decrease of
the storm.

Polar substorm 0600-1000 UT

The ssc of 0430 UT was followed by a complex polar substorm beginning about 0600 UT and lasting
for approximately 4 hours. The pronounced structuring of the traces at a number of stations, (see
for example GWR (H), Fig. 1), strongly suggests that 3 separate substorms occurred in this interval.
In this analysis 3 substorms have been identified which agree approximately in times of occurrence
with the main H- and Z-bays on the Leirvogur and Dixon Island traces.

Analysis of Magnetic Data

The stations used in the analysis are shown in Figure 2. H(X), D(Y) and Z perturbations were
measured from the quiet level (Kp=0) preceding the ssc, and expressed in the geomagnetic coordinate
system X!, Y*, Z. It is probable that the currents which give rise to polar magnetic substorms are
three dimensional and flow along field lines as well as in the ionosphere. However, to describe the
development of the substorm, equivalent ionospheric line current vectors have been calculated, using
both the horizontal and vertical components of the perturbation vector, following the procedure out-
lined previously by Loomer and Jansen van Beek [1971]. Plots of current vectors for a number of
instants during the storm are given in Figure 3.

Sequence of Magnetic Events

The growth of the auroral electrojet is evident in the midnight sector at 0555 UT when gradual
positive Z and negative H bays begin at Great Whale River (Fig. 4). At 0615 UT an impulsive event
was observed at Leirvogur in the early morning sector, and at Meanook, Victoria and College in the
evening sector. No unusual features were observed at Great Whale River at this time.
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Table 3

Geomag.Co-ords. ‘Geomag.Co~ords.
Station Lat.N Long.E Station Lat.N Long.E
* Al Alert 85.7 168.7 | Co College 64.6 256.1
RB Resolute Bay 83.1 287.7 | DI Dixon Is. 62.8 161.7
Go Godhavn 80.0 33.1 | Me Meanook 61.9 300.7
MLB  Mould Bay 79.1 255.4 Si Sitka 60.0 275.0
BL Baker Lake 73.9 314.8 | Ot Ottawa 57.0 351.5
Na Narssarssuaq 71.4 37.3 | Vi Victoria 54.3 292.7
Leir Leirvogur 70.3 71.6 | Fr Fredericksburg 49.6 349.8
Ch Fort Churchill 68.8 322.5| Tu Tucson 40.4 312.2
PB Point Barrow 68.4 240.7 | SJ San Juan 29.9 3.2
GWR  Great Whale River 66.8 347.2{ Ho Homnolulu 21.1 266.5
Ab Abisko 65.9 115.3

* see note following REFERENCES

The expansive phase of the first substorm to be clearly identified is believed to begin with the
sharp negative Z-bay at 0640 UT (Figure 4) which was superimposed on the positive Z-bay at Great Whale
River and Churchill. The bay lasted for 5 minutes and suggests an abrupt northward surge at this time
in the midnight sector. The intensity of the storm at 0640 UT is maximum near Great Whale River when
AH was about 420 vy, and Churchill, with the electrojet flowing to the south of these stations
(Figure 3). Current intensity at Great Whale River was 3.7x10° amps.

The next outstanding magnetic effect is the sudden commencement of the principal negative X-bay
at Baker Lake at 0652 UT. This may be interpreted as the effect of a westward surge which originated
at 0640 UT between Great Whale River and Churchill, and travelled along the 70° geomagnetic parallel
with a speed of approximately 1 km/sec [Akasofu, 1968; Loomer and Jansen van Beek, 19727.

The movement of the electrojet to the north of Great Whale River is seen on the magnetogram
(Figure 4) as a positive indentation of the negative H-bay from 0650 to 0710 UT with maximum at
0700 UT, together with the change in sign of the Z-perturbation, which becomes negative about 0700 UT.
Very similar effects are observed in the X- and Z-components at Churchill, and the majority of sta-
tions in and near the oval register an impulsive change in field around this time. The intensifica-
tion of the electrojet and its movement to the west and north are clearly shown on the current
vector plots for 0654 and 0700 UT. At 0710 UT, when X reaches its greatest negative value at Baker
Lake, the electrojet is already decreasing in intensity there. The largest current values for these
times are recorded at Baker Lake (5.2x10° amps at 0700 UT), and Godhavn. AH was maximum at Great
Whale River (650 y at 0654 UT) and Narssarssuaq (800 y at 0700 UT).

The continued movement of the electrojet to the north and west is evident in the negative X-
and Y-bays beginning about 0710 UT at Resolute Bay and Mould Bay. A westward-travelling surge seen at
Baker Lake at 0652 UT and travelling at 1 km/sec could be expected to reach the Resolute Bay,
Mould Bay area near 0710 UT, and the effects observed at this time at Resolute Bay and Mould Bay may
result directly from the expansion of the storm which developed in the midnight sector at 0640 UT.
However, independent substorm activity at the northern edge of the oval [Akasofu, 1970; Rostoker,
1971; Loomer and Jansen van Beek, 1971] is also a possible explanation. Latitude profiles in ax!
would appear to support this interpretation, but owing to the Timited number and unequal distribution
of observatories available for this analysis, it is not certain how reliable such profiles are.
Current vectors at 0728 and 0742 UT are maximum at Resolute Bay and Godhavn (4.6x10° amps at 0742 UT).
AH remains maximum at Narssarssuaq and Great Whale River (1050 y at 0742 UT). It is apparent from
Figure 3 that the electrojet is flowing westward around the oval at all longitudes at 0742 UT.

At 0806 UT the current is again maximum at Great Whale River (5x10° amps) and the electrojet is
appreciably south of the station. A new substorm apparently begins around this time. No outstanding
effects of this storm are evident in the oval, owing perhaps to the lack of auroral zone observatories
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between Churchill and Point Barrow. However, a very clear D transitional bay occurred at 0829 UT at
Tucson, situated in longitude between Great Whale River and Meanook, suggesting that the center line
of the substorm, or demarcation Tine, passed over Tucson from east to west at this time.

The third substorm was first seen at Meanook at 0835 UT with the sudden commencement of the main
negative H-bay. By 0840 UT College is also under the influence of the primary electrojet. Prior to
this College was south of the oval and in a predominantly eastward current flow. The movement of
the area of maximum intensity of the electrojet westward form Great Whale River to Meanook and College
is evident in the current vector plots for 0846 and 0852 UT. At 0852 UT AH was greatest at Meanook
when it exceeded 1000 gammas. Current intensity was 2.8x10° amps. Very clear examples of D transi-
tion bays are seen at Meanook where D changes from east to west at 0852 UT and at Victoria where the
changeover is at 0859 UT. Following Rostoker's model [1966] and using the method given by Loomer
and Jansen van Beek [1972], the velocity of the demarcation line relative to the sun-earth line was
0.9 km/sec at the latitude of the Meanook and College current vectors at 0852 UT. This is in good
agreement with the results of Rostoker et al. [1970].

Discussion and Summary

Substorm activity ended rather abruptly around 1000 UT. A strong southeasterly current flow was
recorded at Dixon Island on the current vector plots drawn for the 3 substorms. There were insuffi-
cient data in the day sector to distinguish between the Akasofu and Feldstein models [Akasofu, 1968]
of equivalent current flow. On some of the plots the orientation of the current vectors at Alert,
Abisko, Dixon Island, College and Point Barrow strongly suggests a two-celled current system. However,
it is difficult to explain the strong persistent northeastward current flow at College prior to
0840 UT.

The early growth of the electrojet at Leirvogur and Great Whale River may be an illustration of
the initial phase of the substorm identified by Loomer and Jansen van Beek [1971], and probably
identical with the growth phase believed by Rostoker [1972] to precede the explosive (or expansive)
phase of the substorm.

The intensification of the storm and the movement to the west and north of the storm center was
most clearly seen in the magnetic effects associated with the first substorm. The magnetic events
which followed the impulsive bay at 0640 UT at Great Whale River and Churchill suggested that a west-
ward surge travelling at 1 km/sec preceded the extension of the electrojet into the evening sector,
approaching Baker Lake at 0652 UT and flowing within 2-2%° of Resolute Bay at 0728 and 0742 UT.
Alternatively, the intensification of activity at Resolute Bay and Mould Bay may have been the result
of a separate substorm occurring at the northern edge of the auroral oval. The large current vector
at Godhavn was unexpected, and is perhaps best explained by the northward expansion of the electrojet
in the midnight sector.

The very large current vector at Great Whale River at 0806 UT, around the time assumed for
commencement of the second substorm, is an example of the return of the center of the storm in the
recovery phase to an area near the pre-expansion position, considerably east of the Tocal midnight
meridian, noted by Loomer and Jansen van Beek [1971].

Although much information concerning the development of substorms may be inferred from magnetic
data alone, a more complete analysis of this substorm will be published elsewhere.
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Owing to a large induction anomaly, care must be exercised in using Alert magnetic data. In
their paper "The Extension of the Alert Geomagnetic Anomaly through Northern Ellesmere Island, Canada"
(Canadian Journal of Earth Sciences, Vol. 8, No. 1, 1971}, 0. Praus et al. show that Alert magnetic

perturbations are not seriously affected by the anomaly unless the magnetic component transverse to
the strike of the anomaly is appreciably larger than that along the anomaly. The strike of the

anomaly is approximately N.E. to S.W.

For Alert perturbations used in this analysis the components

along and transverse to the anomaly are similar in magnitude, and the equivalent Tine current vectors
calculated from the Alert data should not be seriously distorted by the anomaly.
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